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CHAPTER I 
I N T R O D U C T I O N 
J a i s a l m e r d i s t r i c t i s t h e w e s t e r n m o s t d i s t r i c t of 
Raj as t h a n and I n d i a a s w e l l , b o r d e r i n g P a k i s t a n . Famous 
f o r i t s h i s t o r y and c u l t u r e t h e J a i s a l m e r town l i e s a t 
t h e marg in of t h e Thar d e s e r t , wes t of t h e A r a v a l l i r a n g e s . 
The a r e a i s c h a r a c t e r i z e d by s c a n t y r a i n f a l l and h i g h 
t e m p e r a t u r e in summers. Due t o l i m i t e d r a i n s n a t u r a l 
v e g e t a t i o n i s s p a r s e . The a r e a i s m o s t l y c o v e r e d by s a n d s 
and sand dunes and a m i d s t t h e d e s e r t s a n d , s c a n t y rock 
e x p o s u r e s c rop o u t as f l a t - t o p p e d s c a r p s and c u e s t a s . 
GEOLOGICAL SETUP 
R a j a s t h a n a r e a forms t h e n o r t h w e s t e r n p a r t of 
P e n i n s u l a r I n d i a and can be d i v i d e d i n t o an e a s t e r n and 
w e s t e r n p a r t w i t h t h e A r a v a l l i h i l l s a c t i n g as a p h y s i o -
g r a p h i c d i v i d e be tween t h e two p a r t s . I n E a s t e r n R a j a s t h a n , 
e a s t of t h e A r a v a l l i h i l l s o l d e s t r o c k s a r e of Banded 
G n e i s s i c Complex and a r e fo l l owed by r o c k s of A r a v a l l i 
S u p e r g r o u p , D e l h i S u p e r g r o u p and Vindhyan S u p e r g r o u p . 
L i t h o l o g i e s a r e v a r i a b l e and c o m p r i s e of v a r i e t i e s of 
i g n e o u s , me tamorph ic and s e d i m e n t a r y r o c k s . A number of 
s e d i m e n t a r y b a s i n s r a n g i n g in age from L a t e P r e c a m b r i a n 
t o Q u a t e r n a r y a r e d e v e l o p e d in Wes te rn R a j a s t h a n i . e . wes t 
o f t h e A r a v a l l i h i l l s . The i n t r u s i v e s of d i f f e r e n t ages 
that occur in Rajasthan area have been date" fron 
2.95 Ga to 0.83 Ga (Chaudharyet e l , 1984^. Major s t r uc tu r a l 
trend of the area is governed by the Aravall i - Delhi 
orogenic bel t which s t r i k e s nor theast to soutv/est. Along 
i t s southernmost margin, that i s south of Udaipur, the 
Araval l i trend shows a tendency to sh i f t i t s struc'cural 
grain in south and southeast d i rec t ion and merges v/ith 
the Dharwar trend. 
Rift ing and d r i f t ing of Indian p la te from i t s mother 
super continent of Gondwanaland s t a r t ed as ear ly as Late 
Ju rass ic to Early Cretaceous and had a major impact on 
the geology of pos t -d r i f t setup. In response to in te rp lay 
of various s t ruc tu ra l t r ends , characters t i c of Indian 
shie ld , and subsequent tec tonic a c t i v i t y , various geological 
features (basins and r idges) developed which formed par t 
of a broad westerly sloping shelf, designated as the 
Western Rajasthan shelf. 
The Western Rajasthan shelf is subdivided into 
several basins separated from each other by various surface 
and sub-surface posi t ive f ea tu res . Important sedimentary 
basins in th i s area are br ie f ly described as follows: 
Bikaner - Nagaur Basin, l a rges t in western Rajasthan 
and covering an area of 36000 s<4.km extends fro.-n Jodhpur 
in south to Haryana border in north. I t is mainly a 
Precambrian to Palaeozoic basin overlying Malani igneous 
su i te and Delhi Supergroup. This basin is bounded in south 
and s o u t h w e s t by Pokhran - Nachna u p l i f t , in e a s t by 
Ar a v a l 11 h i l l s and in n o r t h by D e l h i - S u r g e d ha r i d g e . The 
r o c k s of t h i s b a s i n c r o p o u t i n J o d h p u r , Nagaur and a d j o i n -
ing a r e a s and c o n s i s t of a r e n a c e o u s J o d h p u r Group, c a l c a -
r e o u s B i l a r a Group and a r e n a c e o u s Nagaur Group. A l l t h e s e 
r o c k s a r e c l u b b e d i n t o t h e Marwar Supe rg roup f P a r e e k , 1 9 8 1 ^ . 
L a t h i B a s i n r e p r e s e n t s e x t e n s i v e c o n t i n e n t a l s e d ime n-
t a t i o n d u r i n g E a r l y T r i a s s i c f ? ) t o Lower J u r a s s i c w i t h 
r e p e a t e d c y c l e s of c o n g l o m e r a t e a t i n i t i a l s t a g e . L a t h i 
F o r m a t i o n h a s been d i v i d e d i n t o lower and u p p e r members. 
The lower member c o n s i s t s of c o a r s e e l a s t i c s and t h e u p p e r 
member c o m p r i s e s f i n e t o medium g r a i n e d s a n d s t o n e s , s i It— 
s t o n e s and s h a l e s . D i c o t f o s s i l wood a r e a b u n d a n t l y found 
and l i g n i t e s a r e a l s o a s s o c i a t e d w i t h L a t h i s e d i m e n t s 
( P a r e e k , 19 81 ) . 
J a i s a l m e r B a s i n o c c u p y i n g an a r e a of 30,000 sq.km 
r e p r e s e n t s ma in ly t h e w e s t e r l y d i p p i n g e a s t e r n f l a n k of 
Indus s h e l f ( F i g . I K The J a i s a l m e r B a s i n i s d i f f e r e n t i a t e d 
from n o r t h t o s o u t h i n t o K i s h a n g a r h sub b a s i n , J a i s a l m e r 
- Mari basemen t h i g h , Shahgarh and Miagar sub b a s i n s . From 
B i k a n e r - Nagaur B a s i n t h i s b a s i n i s s e p a r a t e d by D e v i k o t 
- Pokhran - Nachna h i g h . J a i s a l m e r B a s i n e x p e r i e n c e d a l m o s t 
c o n t i n u o u s s ed imen t t a t i on from Lower J u r a s s i c to Eocene 
p e r i o d . Kesozo ic s e d i m e n t s c o m p r i s e a r e n a c e o u s r o c k s of 
L a t h i For:r ,a t ion (Lower t o Middle J u r a s s i c ) , J a i s a l m e r 
L imes tone ( C a l l o v i a n - O x f o r d i a n ^ , B a i s a k h i S h a l e 

(Kimmeridgian) B e d e s i r S a n d s t o n e (Upper J u r a s s i c ) , P a r i h a r 
S a n d s t o n e ( V a l a n g i n i a n t o B a r r e m i a n ) , and Abur L i m e s t o n e 
( A p t i a n ) (Tab le ']) . S e d i m e n t a t i o n s t a r t e d v/i th c l a s t i c 
d e p o s i t i o n fo l lowed by a t r a n s g r e s s i v e p h a s e v;hich l e d 
t o w i d e s p r e a d d e p o s i t i o n of c a r b o n a t e s , i m p l y i n g t e m p o r a r y 
t e c t o n i c s t a b i l i t y of t h e s h e l f . Most of t h e C r e t a c e o u s 
s e d i m e n t a t i o n took p l a c e d u r i n g t h e f o l l o w i n g r e g r e s s i v e 
p h a s e . A major h i a t u s f o l l o w e d d u r i n g M a e s t r i c h i t i a n t o 
Danian which was t h e t ime of n o n - d e p o s i t i o n and e r o s i o n 
a s w e l l . The nex t c y c l e of s e d i m e n t a t i o n commenced w i t h 
t h e d e p o s i t i o n of c l a s t i c f a c i e s of Sanu F o r m a t i o n ( P o s t 
A p t i a n ) and c o n t i n u e d d u r i n g K h u i a l a and Bandha F o r m a t i o n s 
(Middle Eocene) which c o m p r i s e of l i m e s t o n e , l i g n i t e , 
b e n t o n i t e , g y p s i f e r o u s c l a y s and s a n d s t o n e s . The i n t e n s i t y 
of t e c t o n i s m i n c r e a s e d many f o l d s due t o c o l l i s i o n of t h e 
I n d i a n p l a t e w i th E u r a s i a n p l a t e and accompanying Himalayan 
Orogeny r e s u l t e d i n t o c o m p l e t e w i t h d r a w a l of t h e s e a from 
t h e R a j a s t h a n s h e l f . Only c o n t i n e n t a l d e p o s i t i o n by I n d u s 
r i v e r sys tem d u r i n g Q u a t e r n a r y p e r i o d c o n t i n u e d ( D a t t a , 
1983K 
LOCATION OF THE STUDY AREA 
The s t u d y a r e a i s l o c a t e d a round J a i s a l m e r town 
(26 55'N L a t i t u d e and 7 0 ° 5 7 ' E l o n g i t u d e ) i n Wes te rn R a j a s -
t h a n . Low t o h i g h s c a r p s run in NE-SW d i r e c t i o n n e a r t h e 
J a i s a L m e r town. The famous J a i s a l m e r F o r t i s l o c a t e d on 
t h e t o p of one such sca rp - . Samples of s a n d s t o n e s of t h e 
Table 1 Mesozoic St ra t igraphy of the Jaisalmer Basin, 
Western Rajasthan, India . (After Bhalla,1983) 
Formation Lithology Thickness 
m 
Age 
Abur 
Formation 
Par ihar 
Formation 
Bedesir 
Formation 
Baisakhi 
Formation 
limestone, sandstone 
and shale 
unconformity 
G r i t , g r i t t y sandstone, 
quartz OS e sandstone; 
unf os s i l i f e rous 
Gr i t , sandstone and 
shale 
unconformity 
Sandstone and gypseous 
shale 
108 
832 
332 
274 
Aptian 
Valanginian 
to Barremian 
Upper 
Jurassic 
Ox ford ian to 
Kimmeridgian 
Jaisalmer 
Formation 
Ool i t ic and she l l 
limestone with 
layers of calcareous 
sandstone 
355 Callovian to 
?Oxfordian 
Lathi 
Formation 
Sandstone with plant 
f o s s i l s in the lower 
par t become marine in 
upper pa r t having a few 
limestone layers 
--unconformity 
61 Lower to 
Middle 
Jurassic 
Badhaura 
Formation 
Permo-
Carboniferous 
J a i s a l m e r F o r m a t i o n e x p o s e d i n t h e b a s a l p a r t of t h e s c a r p 
were c o l l e c t e d from e i g h t l o c a l i t i e s a l o n g t h e s c a r p . 
AIM AND SCOPE OF THE STUDY 
E v o l u t i o n of J a i s a l m e r B a s i n and i t s a s s o c i a t e d 
s e d i m e n t s a r e of i m p o r t a n c e from two view p o i n t s . One i s 
i t s economic i m p o r t a n c e a s a p e t r o l i f e r o u s b a s i n and t h e 
o t h e r i s i t s g e o t e c t o n i c e v o l u t i o n i n t h e c o n t e x t of 
Gondwanaland and i t s s u b s e q u e n t f r a g m e n t a t i o n which s t a r t e d 
d u r i n g La t e J u r a s s i c . 
J a i s a l m e r B a s i n h a s been c l u b b e d w i t h An da ma n-
N i c o b a r , B e n g a l , Cauvery , Himalayan f o o t h i l l s , K r i s h n a 
G o d a v r i , Mahanadi and T r i p u r a - Cachar b a s i n s i n t o 
c a t e g o r y I I t y p e of b a s i n s a c c o r d i n g t o c l a s s i f i c a t i o n 
of O i l and N a t u r a l Gas Commission of I n d i a fBhanda r i e t 
a l , 1 9 8 3 ) . C a t e g o r y I I t y p e of b a s i n s a r e t h o s e in which 
o c c u r r e n c e s of h y d r o c a r b o n s a r e r e p o r t e d b u t commerc ia l 
p r o d u c t i o n h a s n o t y e t s t a r t e d on a c c o u n t of l a c k of d a t a 
b a s e on b a s i n s t u d i e s . O i l and g a s shows have been o b t a i n e d 
i n s u b s u r f a c e J u r a s s i c r o c k s i n P a k i s t a n which a r e t h e 
e x t e n s i o n of t h e J a i s a l m e r B a s i n . Also o i l f l u o r e s c e n c e 
h a s been o b t a i n e d i n f r a c t u r e s t o w a r d s Upper J a i s a l m e r 
F o r m a t i o n , from G-2 r e s e r v o i r i n Goru F o r m a t i o n and from 
D-5 in Sanu F o r m a t i o n . These f i n d i n g s of o i l and g a s i n 
J a i s a l m e r B a s i n made t h i s b a s i n , t h e main t a r g e t of e x p l o -
r a t i o n i n t h e Raj as t han s h e l f . J a i s a l m e r B a s i n i s d i f f e r e n -
8 
t i a t ed into highs and lows giving r i s e to favourable s t ruc -
tu ra l and s t r a t i g r a p h i c s e t t i n g including time of non 
deposi t ion and erosion, and t h i s has enhanced the prospects 
of o i l and gas. 
Jaisalmer Formation was deposited on a wide s tab le 
shelf having a very low-angle slope thus favouring develop-
ment of su i t ab le carbonate buildup zones with associated 
cyc l ic c l a s t i c f ac i e s . In general the Jaisalmer Formation 
cons is t s of limestones with basal sandstones and other 
terr igenous c l a s t i c facies i . e . si I t stones and sha les . 
The terr igenous facies passes into nodular bedded mic r i t i c 
limestones which in turn change to grains tones. The sand-
stones are planer and trough cross bedded. Occasional 
conglomerate and thin sandstone beds are also present , 
higher in the sect ion interbedded with carbonates. These 
deposi t ional fea tures favour development of source, 
reservoi r and cap rocks. 
Another important aspect of the Jaisalmer Basin 
in general and Jaisalmer Formation in pa r t i cu l a r i s the 
fac t that India was in Southern Hemisphere during Jurass ic 
and I*re-Jurassic times alongwith other southern continents 
including Africa, South America, Aus t ra l ia , Antarctica 
and some smaller cont inenta l blocks i . e . Madagascar, Lahasa 
and Arabian Platform forming the supercontinent of Gond-
wanaland. The Indian p l a t e appears to have f ina l ly separa-
ted fron Gondwanaland during the Early Cretaceous along 
Carlsberg Ridge. Following separa t ion , the p la t e moved 
northward away from Austral ian and Antarct ic p l a t e . Before 
converging to Eurasian p la te India ro ta ted counter clock 
wise in response to opening of the Indian Ocean Ridge and 
resul ted in opening of Arabian sea. The i n i t i a l c o l l i s i o n 
of Indian p l a t e with slowed convergence at Indus-suture 
zone, began in Eocene and resul ted in upliftment of the 
Himalaya (Sengor et al , 1988K During i t s journey from 
Gondwanaland in Southern Hemisphere to i t s present posi t ion 
in Northern Hemisphere the Indian p la t e covered more than 
5000 km of distance and came across various tec tonic regimes 
and climates (Chatter j ee and Hotton, 1986). This resul ted 
in magmatism, sedimentation and s t ruc tu ra l deformation 
of varied in t ens i ty and na ture . Sedimentation is d i r e c t l y 
affected by tectonism which r e s u l t s in the formation of 
new posi t ive and negative geomorphic features and associated 
degradation and aggradation. Separation of India from i t s 
mother continent lead to the formation of passive margin 
sedimentary basin on the western margin of the Indian p l a t e . 
This a lso lead to the reac t iva t ion of old lineaments and 
f rac tures which have affected the sediment d i s p e r s a l , base-
ment tectonism and ra te of sedimentation. 
During i t s journey India should also have come across 
various cl imatic b e l t s which have a profound effect d i r ec t l y 
and/or ind i rec t ly on faunal and f lo ra l assemblage. These, 
in turn affected various sedimentary processes apar t from 
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the ef fec ts of climate on weathering and erosion of sed i -
ments in catchment area . 
One more important aspect of movement of IndiaJi p l a t e 
i s the va r i a t ion in geothermal gradient depending upon 
stage of Indian p l a t e . The heat flow data show a large var ia -
_2 
t ion from 26 to 107 mwm in various tec ton ic zones of 
India (Gupta ,1 982^ . This has been a t t r i bu t ed to supermobi-
l i t y of Indian p l a t e and also due to considerably h o t t e r , 
thinner and l i g h t e r l i thosphere , compared to other sh i e lds . 
As diagenesis of sediments as well as of organic matter 
i s d i r ec t ly re la ted to geothermal grad ien t , l i thogenes is 
and organic maturation i s a lso to be viewed and analyzed 
in the l i gh t of geothermal regime at and a f t e r the deposi-
t ion of sediments. 
In the present study a l l above factors were taken 
in to account during the i n t e rp r e t a t i on of the data genera-
ted . Ear l i e r work on the Jaisalmer Basin was of regional 
nature and re la ted to basin configurat ion, provenance 
(Siddiquie, 1963; Pareek, 19 81 ^ and basin ev:,a.ution 
(Datta, 19 83). Akhtar and Aquil (1986^ in te rp re ted the 
deposi t ional environment of the Jaisalmer Formation and 
regarded the basal sandstones as shallow marine depos i t . 
Very l i t t l e work has been car r ied out on pe t rofac ies and 
diagenetic evolution of c l a s t i c rocks in general and of 
Jaisalmer Formation in p a r t i c u l a r . This study pa r t i cu l a ry 
aims at in t e rp re t ing d iagenet ic and ' p e t r o f a c i e s ' evolution 
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of sandstones of the Jaisalmer Formation. In t h i s study 
emphasis was also placed on primary t e x t u r a l and mineralo-
gical a t t r i b u t e s of the sandstones and these a t t r i b u t e s 
were employed in pe t rofac ies analysis and in i n t e r p r e t a t i o n 
of provenance. A deta i led study of diagenesis of the sand-
stones was car r ied out to unravel the post-depos i t ional 
changes brought in by various geological f ac to r s . D i s t r i -
bution of porosity and i t s evolution was modeled and nature 
and extent of secondary porosi ty development if any v/as 
evaluated . 
The samples were co l lec ted from well exposed scarp 
outcrops from fresh surfaces . Thin sect ions were made of 
these sandstones a f t e r impregnating i t with Canada balsam, 
because of t h e i r f r i ab le nature . 
Ocular micrometer and mechanical s tage were used 
to study grain size parameters on a grid pa t t e rn . Around 
three hundred grains were point counted in each thin sect ion 
for size ana lys i s . Grain s ize parameters of Folk M 9801 
were employed in th i s study by using cumulative frequency 
curves. Other t ex tu ra l parameters i . e . roundness, spher ic i ty 
and elongation index e t c . were also determined. Textural 
maturity was studied to encompass and in t eg ra t e the t ex tura l 
va r i ab l e s . 
De t r i t a l mineral composition of these sandstones 
were studied and were classed as per the Folk 's (' ' oO ) 
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nomenclature of d e t r i t a l mineral consi tuents of a sandstone. 
Around three hundred grains from each thin sect ion were 
counted on a su i tab le grid spScings for t h i s study to 
minimise the bias and to get the represen ta t ive mineral 
composition of sandstones of the Ja is aimer Formation. 
For pe t rofac ies analysis the d e t r i t a l mineral cons-
t i t u e n t s were classed in to 'opera t ional ca t ego r i e s ' as 
proposed by Dickinson (1985). Two t r i angu la r diagrams, 
Qt-F-L, Qm-F-Lt were used to determine the tectono-pro-
venance and maturity of the Jaisalmer sandstones. 
For s tudies per ta ining to diagenesis separate point 
countings were made to take into considerat ion the corroded 
and dissolved cons t i tuents to get , ' r e s to r ed ' d e t r i t a l 
composition of the studied sandstones. Thin sec t ions were 
s ta ined by Alizarin Red-S for determination of carbonate 
cements if any. Scanning e lect ron microscope was employed 
to study diagenetic fea tu res . In t h i s study to v i s u a l i s e 
the extent of diagenesis various diagenet ic fac tors i . e . 
compaction, cementation were studied and t h e i r r e l a t i v e 
effect on porosity evolution was studied. 
Bivariant p lo t s were used to examine any in te rde -
pendence amongst various va r i ab les in s tudies re la ted to 
t ex tu re , composition, diagenesis and pe t rofac ies . A computer 
programme in BASIC language (Ragland, 1989) was used to 
determine the Pearson's co r re l a t ion coef f ic ien t and ]ine 
of regress ion. 
CHAPTER II 
TEXTURE AND DETRITAL MINERAL COMPOSITION 
TEXTURE 
In th i s study of sandstones of the Jaisalmer 
Formation, emphasis was placed on aspects of diagenesis 
and pe t rofac ies . Nevertheless due a t t e n t i o n was given to 
the s tudies per ta ining to t ex tu re , to generate basic da ta -
base to be used in s tudies intended. Moreover the fact 
t ha t or ig ina l t ex tu re is determined by primary deposi t ional 
character is t ics , makes i t e s s e n t i a l to be familiar with 
a l l types of petrographic aspects of t ex tu re . This i s 
because there is hardly any concept in i n t e r p r e t a t i o n of 
sedimentation h is tory that does not include t ex tu ra l pro-
p e r t i e s . Various t ex tu ra l parameters have a profound effect 
on the d e t r i t a l mineral composition re f lec ted by mechanical 
maturation during sedimentary cycle . In diagenesis too 
the primary porosity and permeabili ty are d i r ec t l y contro-
l l ed by texture and are of utmost importance in the diage-
ne t ic evolution of a sandstone. 
Texture of a sandstone deals with s i z e , shape and 
mutual arrangement of the component g r a in s . Texture of 
a sandstone produced primari ly by physical processes of 
sedimentation, encompasses grain s i z e , roundness, spher ic i ty 
and surface t ex ture . Grain size i s a function of (I) size 
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range of a v a i l a b l e m a t e r i a l and ( I I ) amount of energy 
impar ted to t h e sands which depends on c u r r e n t v e l o c i t y 
and tu rbu lence of t r a n s p o r t i n g medium. S p h e r i c i t y and round-
ness a r e a l s o a funct ion of o r i g i n a l shape of g r a i n , g r a i n 
composi t ion and c r y s t a l s t r u c t u r e , type of t r a n s p o r t p rocess 
and ex t en t of t r a n s p o r t . 
Twentytwo samples of sands tones of t h e J a i s a l m e r 
Formation from e i g h t d i f f e r e n t l o c a l i t i e s a long the J a i s a l -
mer s ca rp were s t ud i ed for t e x t u r a l a n a l y s i s . Size measure-
ments were made in t h in s e c t i o n s us ing ocu la r micrometer 
and p o i n t count ing mechanical s t a g e . Around t h r e e hundred 
g r a i n s in each t h i n s e c t i o n were p o i n t counted. Measurements 
were c a r r i e d out a long a g r id p a t t e r n . Size was recorded 
in microns and then conver ted to phi (({)) u n i t s . S t a t i s t i c a l 
parameters of g r a i n s i z e were determined by p l o t t i n g cumu-
l a t i v e frequency c u r v e s , r ead ing p e r c e n t i l e s from curves 
and employing formulae de r ived by Folk (1 980) . Other t e x -
t u r a l parameters such as roundness , s p h e r i c i t y and e longa-
t i o n index were a l s o analyzed with t h e help of t h i n s e c -
t i o n s . Tex tura l ma tu r i ty of t h e sands tones was a l s o taken 
i n t o account . For de te rmin ing t e x t u r a l ma tu r i t y c lay c o n t e n t s 
of the sandstones were determined dur ing modal a n a l y s i s . 
GRAIN SIZE 
Grain s i z e of sedimentairy agg rega t e s i s of utmost 
impor tance . The s i z e and the un i formi ty of s i z e a r e measures 
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Table 2 Grain s i z e p a r a m e t e r s of t h e J a i s a l m e r Sands tones 
based on F o l k ' s (1980^ g r a p h i c m e a s u r e s . 
SI .No . 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
Samp.No. 
3 
5 
6 
7 
9 
10 
11 
71 
72 
73 
76 
79 
124 
127 
131 
182 
189 
191 
192 
193 
196 
200 
Maximum 
s i z e 
1.0 
0 . 5 
1.0 
0 .0 
1.0 
0 .5 
1.0 
0 .5 
0 .5 
C 
C 
C 
VC 
C 
C 
C 
C 
C 
0 .0 VC 
1.0 
0 .5 
c 
c 
1.0C 
0 .0 
0 . 5 
1.0 
1.5 
0 . 5 
0 .5 
1.0 
0 . 5 
0 .5 
VC 
c 
c 
c 
c 
c 
c 
c 
c 
Mininum 
s i z e 
5 .0 VGS 
5 .0 VCS 
4 .0 VF 
5 .0 VCS 
4 . 5 VGS 
4 . 0 VF 
4 .0 VF 
4 , 0 VF 
4 . 5 VGS 
3 . 5 VF 
4 . 5 VGS 
4 .0 VF 
4 .0 VF 
3 .0 F 
3 . 5 VF 
4 .0 VF 
5 .0 VCS 
3 . 5 VF 
4 .0 VF 
5 .0 VGS 
3 . 5 VF 
3 . 5 VF 
Maan s i z e 
Mz 
2.70 F 
1.86 M 
1 .70 M 
1.95 M 
2.12 F 
1.53 M 
1 .63 M 
1 .60 M 
2.15 F 
1 .40 M 
2 .03 F 
1.82 M 
2 .11 F 
0 . 9 5 C 
1 .25 M 
2 . 1 9 F 
2 .63 F 
1 .50 M 
1 .78 M 
2.40 F 
1 .56 M 
1.68 M 
S o r t i n g 
1.05 PS 
0 . 7 0 MWS 
0.61 ms 
0 . 7 8 MS 
0 .54 ms 
0.62 ms 
0 .55 MVS 
0 .39 WS 
0 . 6 5 ms 
0 . 5 8 WS 
0 . 4 9 VE 
0 .56 MWS 
0 .52 MWS 
0 .49 WS 
0 .63 MWS 
0 .52 MWS 
0 .54 MWS 
0 .47 WS 
0 .72 MS 
0 .62 NWS 
0 .56 MWS 
0 .57 ms 
SkSi^ne 
SKI 
s s 
0 .11 FS 
0 .002 
0.135 
NS 
FS 
- 0 . 2 9 CS 
0.004 
0 .063 
0 .028 
NS 
NS 
NS 
- 0 . 1 1 CS 
- 0 . 1 1 GS 
- 0 . 0 4 6 
- 0 .027 
0 .008 
- 0 . 0 3 7 
0 .124 
0 .050 
- 0 . 0 5 3 
0 .128 
0 .020 
- 0 . 2 2 5 
0 .185 
0 .065 
- 0 . 2 3 ( 
NS 
NS 
NS 
NS 
FS 
NS 
NS 
FS 
NS 
CS 
FS 
NS 
2S 
K u r t o s i s 
KG 
0.72 PK 
1 .20 LK 
1,02 MK 
1,42 LK 
1,11 MK 
1.21 LK 
1 ,11 MK 
1.08 MK 
1.28 LK 
0 ,91 MK 
0 ,99 MK 
1 ,01 MK 
1,26 m 
1 ,69 VLK 
1 .09 MK 
1 ,07 MK 
0 . 9 8 MK 
1 ,35 LK 
0 , 8 8 m 
0,91 MK 
0 .97 MK 
1.06 MK 
Size ((j)) 
Meansize Mz 
Sorting ((j)) -
Ox 
Skesrfness 
SKX 
-Kurtosis 
KG 
1.0-0.0 very coarse sand fVC^, 0 .0-1 .0 cca r se sanJ 'C> 1.0-2.0 medium sand^^ 
2 .0-3 .0 f ine sand 'F^ ,3 .0 -4 .0 very f i r e sand <VF'> 4 .0-5 .0 very oDarse s i l t ' v c s ^ 
-0.35 very wel l sorted fVWSlO.35-0.5 well so r t ed fWSVO.5-0,71 moderately -
so r t ed (MSJ.0.71-1.00 moderately well so r t ed (MWSV 1.00-2.00 pocr ly scrted(PSV 
2.00-4.00 very poorly sorted (VPS) 
1.00-+0.30 s t rongly f ine skewed 'SFSV+0.30-+0.1 0 fine skewed lFS)y 
+0.10- -0.10 nea r symmetrical fNSV-0.10- -0 .30 cca r se skewed rcs ) , 
- 0 . 3 0 — 1 . 0 0 s t rong ly coarse skewed fSCS) 
-0.67 very p l a t y k u r t i c (VH<^0. 67-0.90 p l a t y k u r t i c (PK)/ 
0.90-1.11 meso k u r t i c fMK) ,1 . 1 1 - 1 . 50 l ^ t o k u r t i c (LK ,^ 
1.50-3.00 very l ep to k u r t i c (VD<) 
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of competence and efficiency of the t ranspor t ing medium. 
Grain size gives ins ight regarding size of s t a r t i ng material 
and proximity to source area . 
Maximum grain size in few Sandstone samples of the 
study area was found to be 0 ^ (coarse) while minimum grain 
s ize encountered in some samples was 5.0 (j) ( s i l t s i z e ) . 
S t a t i s t i c a l measures proposed by Folk (1980) were used 
t o determine various grain size parameters which included 
mean s i ze , sor t ing , skewness and kur tos is (Table-2). 
Size of feldspars was also measured and an attempt 
was made to study re la t ionsh ip between size of quartz and 
feldspar g ra ins . Separate s ize - frequency d i s t r i b u t i o n 
diagrams were made for quartz and feldspar grains for each 
sample. I t has been found that in most of the samples 
maximum percentage of both quartz and feldspar f a l l in 
the same size c lass (Fig .2) . 
Mean s i z e (Mz) 
I t is a cen t ra l tendency which general ly r : . f lects 
average k ine t i c energy of deposit ing medium, power of 
cur ren t , as well as the ava i lab le size of source ma te r i a l . 
Mean grain size of the studied sandstones ranges 
from 0.95 ({) (coarse) to 2.70 (j) (medium). Majority of the 
studied sandstones are medium grained (59%), follov/ed 
by fine grained (3 6%), while coarse grained sandstones 
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Fig. 2 : Size-frequency percent distribution curves 
quartz and feldspar of Jaisalmer sandstones. 
for 
comprise around 5 percent of the t o t a l samples (Fig.3A). 
Thus medium grained sandstones are dominant in the study 
area . In two samples bimodality i s present as a r e su l t 
of micro laminations which have d i f f e ren t size populations 
(Fig. 2, sample Nos.3,192). 
Sorting (CTj) 
Dispersion around cen t ra l tendency determines sor t ing 
which is a re f lec t ion of winnowing and reworking of sands. 
Using Folk 's (1980) nomenclature, sandstones of th i s study 
are c lass i f i ed in various sor t ing c lasses . 
Sorting values of the sandstones range from 
1.05 (() (poorly sorted) to 0.39 ({) (well so r t ed ) . Amongst 
the t o t a l samples maximum number of samples are moderately 
well sorted (68%) followed by well sorted (18%), moderately 
sorted (9%) and poorly sorted (5%) (Fig.3B). Thus the s tu-
died sandstones are dominant ly moderately well sor ted . 
Poor sor t ing is evident in the samples with pronounced 
bimodal d i s t r i bu t i on of grains (Fig .2 , sample Nos.3,192). 
Skewness (Sk j ) 
Asymmetry of the d i s t r i b u t i o n is measured by skew-
ness and is cont ro l led by the r e l a t i v e importance of grain 
s ize d i s t r i b u t i o n . Population that have excess fine p a r t i -
c les and a t a i l are said to be pos i t ive ly skewed or fine 
skewed. Population with a t a i l of excess coarse p a r t i c l e s 
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a r e n e g a t i v e l y skewed or . c o a r s e skewed. V e r b a l skewness 
l i m i t s g i v e n by Fo lk (1 980) were employed h e r e t o d e t e r m i n e 
skewness v a l u e s . 
In t h e J a i s a l m e r s a n d s t o n e s skewness va ry in b e t w e e n 
+ 0 .18 ( f i n e skewed) t o - 0 . 2 9 ( c o a r s e s k e w e d ) . Most of t h e 
s a m p l e s a r e of n e a r s y m m e t r i c a l d i s t r i b u t i o n and c o m p r i s e 
a r o u n d 54 p e r c e n t of t h e s a m p l e s fo l l owed by f i n e skewed 
23 p e r c e n t and c o a r s e skewed 23 p e r c e n t ( F i g . 3 C ) . 
K u r t o s i s (Kg) 
G r a i n s i z e f r e q u e n c y c u r v e s c a n show v a r i o u s d e g r e e s 
o f p e a k e d n e s s c a l l e d a s k u r t o s i s . Ve rba l c l a s s i f i c a t i o n 
g i v e n by Folk (1980) was used t o c l a s s i f y t h e s t u d i e d s a n d -
s t o n e s a m p l e s , a c c o r d i n g t o t h e i r k u r t o s i s v a l u e s . 
Va lues of k u r t o s i s of t h e s t u d i e d s a n d s t o n e s r a n g e 
from 0.72 ( p l a t y k u r t i c ) t o 1.69 ( v e r y l e p t o k u r t i c ) . Maximum 
number of s a m p l e s (59%) a r e of m e s o k u r t i c d i s t r i b u t i o n 
f o l l o w e d by l e p t o k u r t i c (2 7%) p l a t y k u r t i c (9%) and v e r y 
l e p t o k u r t i c (5%) ( F i g . 3 D ) . 
BIVARIANT PLOTS OF GRAIN SIZE PARAMETERS 
B i v a r i a n t d i a g r a m s were made amongs t above m e n t i o n e d 
g r a i n s i z e p a r a m e t e r s t o d e c i p h e r i n t e r r e l a t i o n s h i p i f 
a n y . C o r r e l a t i o n c o e f f i c i e n t ( r ) was d e t r e r m i n e d f o r each 
p l o t . 
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Fig. 4 : Bivariant plots of grain size parameters of Jaisalmer 
sandstones. (N = total number of samples, r = correlation 
coefficient). 
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Mean s ize versus sor t ing graphical plot shows s ta -
t i s t i c a l l y s ign i f i can t interdependence with the co r r e l a t ion 
coeff ic ient value of 0.41 (Fig.4A). This implies that as 
grain size decreases, sor t ing worsens. The plot a lso shows 
tha t 72 percent of the t o t a l samples in the size range 
of medium to fine sand (1 (} to 2.70 (j)) f a l l in verbal 
l i m i t s of moderetely well sorted sand. 
Fair ly good r e l a t i o n also ex i s t s in between meansize 
and kur tos is values but here i t is negative (r=-0.46) 
(Fig. 4B). This implies that as grain size decreases, d i s -
t r i bu t ion becomes p l a tykur t i c or in other words with increa-
se in grain s i z e , sand papulation becomes l ep tokur t i c . 
The meansize versus skewness plot with a co r r e l a t ion 
coeff ic ient of 0.07 shows a lack of co r r e l a t i on between 
the two parameters (Fig.4C). 
The sor t ing versus skewness plot gives a co r r e l a t ion 
coeff ic ient of -0.0 4 implying a lack of interdependence 
between these two size parameters (Fig.4D). 
The skewness versus kur tos i s plot shows a very weak 
negative (r=-0.12) co r re l a t ion (Fig.4E). 
A weak cor re l a t ion is found between sor t ing and 
kur tos i s (Fig.4F) . The co r re l a t ion coef f ic ien t value is 
- 0 . 3 3 , implying that as sor t ing improves g ra ins ize d i s t r i -
bution becomes l ep tokur t i c . Sandstones that are moderately 
23 
s o r t e d w i th m e s o k u r t i c d i s t r i b u t i o n c o m p r i s e a round 50 
p e r c e n t of t h e s a m p l e s . 
In g e n e r a l t h e b i v a r i a n t p l o t s of g r a i n s i z e p a r a -
m e t e r s i n v o l v i n g skewness such as Mz Vs SKj> C^ Vs SI^, 
and K Vs SK-. do n o t show any s t a t i s t i c a l l y s i g n i f i c a n t 
c or r e l a t i on . 
GRAIN ROUNDNESS AND SHAPE ANALYSIS 
Roundness 
Wadell (1932) computed r o u n d n e s s a s a r i t h m a t i c mean 
of t h e r o u n d n e s s of t h e i n d i v i d u a l c o r n e r s of a g r a i n i n 
t h e p l a n e of measu remen t . Owing t o t h e numerous r a d i u s 
measu remen t s t h a t must be made on a s i n g l e g r a i n , i t i s 
v e r y t ime consuming t o d e t e r m i n e r o u n d n e s s of l a r g e number 
of g r a i n s a c c o r d i n g t o W a d e l l ' s me thod . C o n s e q u e n t l y v i s u a l 
c o m p a r i s o n c h a r t s or s c a l e s c o n s i s t i n g of s e t s of g r a i n 
images of known r o u n d n e s s a r e o f t e n used t o make r a p i d 
e s t i m a t e s of r o u n d n e s s . The v i s u a l c h a r t s have been p r o v i d e d 
by Krumbein ( 1 9 4 1 ) , Powers (1953) and P e t t i j o h n ( 1 9 7 5 ) . 
In t h i s s t u d y compar i son c h a r t of Powers (1953) 
was u s e d . His s c a l e c o n s i s t s of s i x r o u n d n e s s g r a c e s i n 
which c l a s s l i m i t s c l o s e l y a p p r o x i m a t e ^ t j T ' g e o m e t r i c s c a l e . 
Mean or a v e r a g e g r a i n r o u n d n e s s of t h e s t u d i e d s a m p l e s 
r a n g e s from 0.30 ( s u b a n g u l a r ) t o 0 .50 ( r o u n d e d ) (Tab le 
-3 ) . 
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Table 3 Roundness^ s p h e r i c i t y and e l o n g a t i o n index of 
t h e J a i s a l m e r s a n d s t o n e s . 
SI .No. Sample No, Roundness 
PowersM 953 ^ 
S p h e r i c i t y E l o n g a t i o n Index 
R i t t e n h o u s e n 9 4 3 ^ Houseknecht M 988 ^ 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
3 
5 
6 
7 
9 
10 
11 
71 
72 
73 
76 
79 
124 
127 
131 
182 
189 
191 
192 
193 
196 
200 
0.37 subrounded 0.7 4 
0.35 sub angular 0.69 
0.36 si±> rounded 0.70 
0.40 si±) rounded 0.69 
0.35 sub angular 0.72 
0.39 sub rounded 0.64 
0.35 sub angular 0.75 
0.40 sub rounded 0.74 
0.40 sub rounded 0.73 
0.40 s\±> rounded 0.75 
0.45 sub rounded 0.74 
0.35 sub angular 0.71 
0.40 sub rounded 0.73 
0.35 sx±) angular 0.79 
0.50 rounded 0.78 
0.35 si±) angular 0.78 
0.45 sub rounded 0.77 
0.40 sub rounded 0.73 
0.35 siib angular 0.73 
0.30 sub angular 0.67 
0.50 rounded 0.79 
0.40 sub rounded 0.77 
medium sphericity 
median sphericity 
nediun sphericity 
medium spherici ty 
medium sphericity 
low sphericity 
medium sphericity 
iredium sphericity 
mediuti sphericity 
medium sphericity 
nediun sphericity 
medium spherici ty 
nediun sphericity 
h i ^ sphericity 
high sphericity 
high sphericity 
h i ^ sphericity 
medium sphericity 
medium sphericity 
mediun sphericity 
high sphericity 
h i ^ sphericity 
0.66 low elongaticn 
0.63 low elongaticn 
0.61 lo^ elongation 
0.69 low elongation 
0.63 lew elongation 
0. 54 mediujn ekn^tlm 
0.69 low elongation 
0.71 lew elongation 
0.70 low elongation 
0.70 IcM elongation 
0.74 low elongation 
0.56 medium eLcn^tiai 
0.75 lew elongation 
0.68 low e lon^ t i cn 
0.73 low e l e n ^ t i c n 
0.70 low elengaticn 
0.72 low elengaticn 
0.70 lew elongation 
0.69 lew elongation 
0. 61 lew elongation 
0.73 low elengaticn 
0.72 low elengaticn 
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According to the mean roundness of the g ra in s , the 
subrounded sandstones comprise 54 percent followed by sub-
angular 36 percent and rounded 9.0 percent (Fig.SA). 
Spherici ty 
I t s t a t e s quan t i t a t ive ly how nearly equal the three 
dimensions of an object a re . The concept of spher ic i ty 
was introduced by Wadell (1932) who defined spher ic i ty 
mathematically as : 
V 
V. 
c s 
where V i s actual volume of a p a r t i c l e (measured by immer-
sion in water) and V is the volume of circumscribing 
cs ^ 
sphere. This procedure of determining spher ic i ty of large 
number of p a r t i c l e s is also qui te cumbersome and of course 
can not be applied to thin sec t ions . 
In t h i s study of spherici ty, v isual standard compara-
tor given by Rittenhouse (1943) was used. For quan t i t a t ive 
appraisal and assigning each grain to a spher ic i ty c l a s s 
the spher ic i ty char t given by Rittenhouse (1943) was 
modified (Table-4). Large number of images provided by 
Rittenhouse were grouped into five proposed c lasses as 
given in Table 4. The sphe r i c i ty values of the sand grains 
of the studied samples range from 0.64 (low spher ic i ty ) 
t o 0.79 (high spher ic i ty ) on Rittenhouse scale (Table-3). 
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Accord ing t o p roposed mod i f i ed s p h e r i c i t y c l a s s e s t h e 
a v e r a g e p e r c e n t a g e s of s a n d s t o n e g r a i n s of medium^ . h i g h 
and low s p h e r i c i t y a r e 6 8 , 28 and 4 p e r c e n t r e s p e c t i v e l y . 
Thus most d e t r i t a l g r a i n s of t h e s a n d s t o n e s of s t u d y a r e a 
p o s s e s s medium s p h e r i c i t y ( F i g . S B ) . 
E l o n g a t i o n I n d e x 
E l o n g a t i o n i n d e x i s d e f i n e d as t h e r a t i o of maximum 
w i d t h of a g r a i n t o i t s maximum l e n g t h i n t h e p l a n e of 
t h i n s e c t i o n ( H o u s e k n e c h t , 1 9 8 8 ) . Both a p p a r e n t long a x i s 
(a) and s h o r t a x i s (b) of l i m i t e d number of d e t r i t a l g r a i n s 
o f s a n d s t o n e s amp le s were measured so t h a t a x i a l r a t i o 
( b / a ) c o u l d be c a l c u l a t e d t o u s e as a g r a i n s h a p e i n d i c a t o r . 
For d e s c r i p t i o n of e l o n g a t i o n of d e t r i t a l g r a i n s , 
t h e e l o n g a t i o n i n d e x v a l u e s were g r o u p e d i n t o f i v e p r o p o s e d 
c l a s s e s as g i v e n in t a b l e 4. In t h e s t u d i e d s a n d s t o n e s 
e l o n g a t i o n i n d e x of d e t r i t a l g r a i n s v a r i e s i n be tween 0.56 
(medium e l o n g a t i o n ) t o 0 .75 (low e l o n g a t i o n ) ( T a b l e - 3 ) . 
A c c o r d i n g t o t h e p roposed c l a s s e s b a s e d on e l o n g a t i o n i n d e x , 
t h e most of t h e s t u d i e d sand g r a i n s show low e l o n g a t i o n 
( F i g . 5C). 
TEXTURAL MATURITY 
Text ia ra l m a t u r i t y i s d e f i n e d as t h e d e g r e e t o which 
sand a n d / o r s a n d s t o n e a r e f r e e from d e t r i t a l c l a y and t h e 
framework g r a i n s a r e we l l rounded and w e l l s o r t e d . C^ten 
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Table 5 Textural maturity of the Jaisalmer sandstones 
after Folk's( 1 980)Tr>etho(3 . 
Si .No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
Sample 
No. 
3 
5 
6 
7 
9 
10 
11 
71 
72 
73 
76 
79 
124 
127 
131 
182 
189 
191 
192 
193 
196 
200 
Clay Cbntent 
% 
1.12 
0.84 
1.18 
0.83 
0.93 
2.66 
1.71 
0.55 
0.87 
0.80 
1.29 
1.73 
1.20 
1.12 
0.35 
0.80 
2.28 
0.92 
0.55 
1.59 
1.54 
0.64 
So r t i ng 
Fo lkn980^ 
1.05 PS 
0.70 MWS 
0.61 MWS 
0.78 MS 
0.54 MWS 
0.62 MVB 
0.55 MVB 
0.39 WS 
0.65 MWS 
0.58 MWS 
0.49 WS 
0.56 MWS 
0.52 MWS 
0.49 WS 
0.63 MWS 
0.52 MWS 
0.54 MWS 
0.47 WS 
0.72 MS 
0.62 MWB 
0.56 MWS 
0.57 MWS 
Rounciness 
R3wersn953^ 
0.37 SR 
0.35 SA 
0.36 SR 
0.40 SR 
0.35 SR 
0.39 SR 
0.35 SA 
0.40 SR 
0.40 SR 
0.40 SR 
0.45 SR 
0.35 SA 
0.40 SR 
0.35 SA 
0.50 R 
0.35 SA 
0.45 SR 
0.40 SR 
0.35 SA 
0.30 SA 
0.50 R 
0.40 SR 
T e x t u r a l Matur i ty 
Sub mature 
Sub mature 
Sub mature 
Sub mature 
Sub mature 
Sub mature 
Sub mature 
Super mature 
Sub mature 
Sub mature 
Super mature 
Sub mature 
Sub mature 
Super mature 
Sub mature 
Sub mature 
Sub mature 
Sub mature 
Sub mature 
Sub mature 
Sub mature 
Sub mature 
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t e x t u r a l m a t u r i t y i s n o r m a l l y accompan ied by m i n e r a l o g i c a 1 
m a t u r i t y , t h a t i s i n c r e a s i n g s o r t i n g and r o u n d n e s s of g r a i n s 
w i t h e l i m i n a t i o n of c l a y i s accompanied by i n c r e a s i n g p e r -
c e n t a g e s of q u a r t z and q u a r t z o s e m a t e r i a l and e l i m i n a t i o n 
of f e l d s p a r and l a b i l e r ock f r a g m e n t s . Also i t i s i m p o r t a n t 
t o n o t e t h a t t e x t u r a l m a t u r i t y h a s f u n d a m e n t a l c o n t r o l 
on mass p r o p e r t i e s of t h e s a n d s t o n e s such a s p o r o s i t y and 
p e r m e a b i l i t y . With t h e d e c r e a s e i n t e x t u r a l m a t u r i t y , p o r -
o s i t y and p e r m e a b i l i t y d e c r e a s e which i n t u r n a f f e c t s 
d i a ge ne s i s . 
The s t u d i e d s a n d s t o n e s of J a i s a l m e r F o r m a t i o n a r e 
c l a s s i f i e d as p e r t h e method of d e t e r m i n i n g t e x t u r a l ma tu -
r i t y g i v e n by Fo lk (1 980) . Of t h e t o t a l s a m p l e s 86 p e r c e n t 
of them a r e sufcmature and t h e r e m a i n i n g 14 p e r c e n t a r e 
s u p e r m a t u r e s a n d s t o n e s ( T a b l e - 5 ) . 
DETRITAL MINERAL COMPOSITION 
In g e n e r a l s a n d s t o n e s c o n s i s t of ( I ) d e t r i t a l g r a i n s 
which form t h e framework of a rock (11) d e t r i t a l f i n e g r a i n -
ed m a t r i x f i l l i n g v o i d s p a c e s be tween t h e framework g r a i n s 
and ( I I I ) c e m e n t s , which a l s o f i l l up t h e p o r e s p a c e s and 
a r e a u t h i g e n i c in o r i g i n . I n t e r p r e t a t i o n of t h e h i s t o r y 
of a s a n d s t o n e d e p e n d s upon a t h o r o u g h knowledge of t h e 
above c o n s t i t u e n t s and t h e i r d i l i g e n t i n t e r p r e t a t i o n . But 
t o d e c i p h e r t h e s o u r c e a r e a h i s t o r y of s a n d s t o n e i t i s 
t h e d e t r i t a l m i n e r a l c o n s t i t u e n t s t h a t h e l p , s p e c i a l l y 
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the framework grains by v i r tue of t h e i r bigger s ize as 
compared to matrix which is very f ine . 
Studies of d e t r i t a l mineral composition is most 
important as far as i n t e r p r e t a t i o n of provenance i s concer-
ned, because the character of the source rock wi l l l imi t 
or control the material which is put into the sedimentary 
system. Tectonic and cl imat ic s ignif icance of various 
minerals and/or mineral species can help to unravel the 
palaeoclimate and tec tonic se t t ing at the time of deposi-
t ion . Diagenesis is a lso affected by de t r i a l minerals of 
sandstone undergoing l i thif i ca t ion because as they are 
primary deposi t ional inpu t s , they exer t control on subse-
quent b u r i a l . However diagenet ic processes also modify 
the o r ig ina l composition of a sandstone and therefore these 
processes should be careful ly studied for a meaningful 
i n t e r p r e t a t i o n of pe t rofac ies and provenance. 
In th i s study of sandstones of the Jaisalmer Forma-
t ion , modal analysis of the twentytwo samples was car r ied 
out for est imating percentages of d e t r i t a l mineral cons t i -
tuen t s . Three hundred framework grains in each thin sect ion 
were counted on su i tab le grid spacings. The sandstones 
mainly comprise quar tz , fe ldspar , rock f r agmen t s , che r t , 
mica and some heavy minerals . The d e t r i t a l composition 
of the sandstones are summarized in t ab le -6 and t h e i r 
average abundance are shown in f ig . 6. Following are the 
de ta i l ed descr ip t ions of the d e t r i t a l mineral cons t i tuen t s : 
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Quartz 
Quartz i s the most common d e t r i t a l cons t i tuent of 
- Sandstones being most s table physical ly and chemically 
of a l l minerals in sedimentary condi t ions . The average 
sandstone i s known to contain s ix tyf ive percent of quar tz . 
On the basis of shape, grain boundaries, ex t inc t ion and 
inclusion p a t t e r n s , quartz grains can be divided into 
several subva r i e t i e s . These subvar ie t ies can be employed 
in provenance determination. Following subvar ie t ies of 
quartz as proposed by Folk (1980) were ident i f ied in rout ine 
petrography of the studied sandstones: 
Plu tonic Quartz 
Common quartz is the most prevalent term used for 
these quartz g r a in s . I t s or igin i s ascribed to plutonic 
igneous rocks. I t has a c lear appearence, few inclusions 
and s t r a igh t to s l i gh t ly undulose ext inct ion p a t t e r n . In 
the studied samples common quartz ranges 71.13 to 89.10 
percent and averages 80.9 5 percent . 
Stretched Metamorphic Quartz 
I t owes i t s existance to low grade gneissose and 
schis tose rocks. I t occurs in the form of composite g r a in s , 
which are composed of more than one lens shaped elongated 
quartz grains which normally show sutured boundaries 
( r ig . 7) . 
35 
Fig. 7: Stretched metamorphic quartz (a ) and 
fragment of p h y l l i t e ( b ) . 
(Nicols crossed,X80) 
F ig .8 : Recrysta l l ized metamorphic quartz(a) 
classed in Qp by Dickinson (1985) 
and fragment of a s i l i c i o u s rock(b) 
showing d i s so lu t ion . 
(Nicols crossed ,X80) 
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In the studied sandstones i t s percentages vary from 
1.7 to 8.0 percent averaging around 4.0 percent . 
Recrys ta l l ized Metamorphic Quartz 
Recrystal l ized metamorphic quartz occurs as polycry-
s t a l l i n e or composite grains composed of equidimens iona 1 
subgrains {Fig.8). This quartz i s formed under in tense 
but non shearing s t r e s s e s . 
In the samples of sandstones analyzed the maximum 
percentage of r e c ry s t a l l i z ed metamorphic quartz i s 3.40 
percent and minimum is 0.53 percent and average percentage 
i s 1. 26 percent. 
Sedimentary Reworked Quartz 
Erosion and weathering of pre exis t ing sandstones 
in the source area give r i s e to the rego l i th which consis ts 
of mainly quartz grains which undergo second cycle of t r a n s -
por ta t ion in sedimentary mil ieu. These grains are termed 
as sedimentary reworked quar tz . These quartz are comrroniy 
recognised by abraded quartz overgrowths. 
In the studied sandstones appreciable amount of 
these quartz gra ins are present and range in percentage 
from 0.47 to 4.43 percent averaging 2.10 percent . 
Vein Quartz 
Vein quartz are derived fron pegmatites and hydro-
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thermally formed quartz veins . I t s char actefis t i c s are i t s 
typ ica l wavy ex t inc t ion and presence of bubbles and inclu-
sions . 
In the analyzed sandstones most of them contain 
t h i s var ie ty of quartz barr ing three or four samples. 
Maximum presence oP VeiT\ CJUai'tx i s 1.86 percent in a sand-
stone and average percentage i s 0.91 percent . 
Feldspar 
Feldspars are the second most important cons t i tuen t 
of sandstones a f t e r quar tz , spec ia l ly in arkose and gray-
wacke. By v i r tue of tbe ir four i n t r i n s i c proper t ies i . e . 
chemical composition, twinning, zoning and s t ruc tu r a l s t a t e 
feldspars are indespensible as far as source rock i d e n t i f i -
cat ion is concerned. I t also helps in i n t e r p r e t a t i o n of 
c l imate , tectonism and geomorphic regime of the provenance. 
Being suscept ib le to a l t e r a t i o n , d i s so lu t ion and au th ig-
enes is feldspar i s a very important en t i ty for the s tud ies 
per ta in ing to d iagenes is . 
Overall percentages of fe ldspars in the studied 
sandstones range from 2.50 to 8.33 percent with an average 
of 5.70 percent . Of the t o t a l fe ldspars present o r thoc lase , 
microcl ine, and p lagioclase comprise 75, 21 and 4 percent 
respec t ive ly . Thus among feldspars potass ic v a r i e t i e s are 
predominant. The orthoclase grains show some a l t e r a t i o n 
along cleavage planes (Fig. 9 ) . The microcline and p lagio-
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Fig. 9: Scanning e l ec t ron photomicrograph 
of a feldspar gra in showing fresh 
broken cleavage surface ( p) . Al te -
r a t i o n along cleavage i s marked by 
a broken arrow. 
Fig. 10; Fresh plagioclase feldspar (—^)which 
i s comparatively f iner in s i ze than 
the surrounding d e t r i t a l g r a i n s . 
'• (Nicols crossed,X80) 
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clase grains are free frcm a l t e r a t i o n and appear f resh . 
The plagioclase grains are of very small s ize as compared 
t o other v a r i e t i e s of fe ldspars (Fig .10) . 
Rock Fragments 
Rock fragments are also an important cons t i tuen t 
of sandstones in view of t h e i r s e n s i t i v i t y to weathering 
and t h e i r a b i l i t y to help in reconstruct ion of l i thology 
of the source a rea . Rock fragments are also important in 
s tudies pertaining to diagenesis spec ia l ly mechanical 
compaction because these grains are very suscept ib le to 
impress of s t r e s s . 
In general the sandstones contain three major groups 
of rock fragments: 
(a) plutonic igneous rock groups, such as , g ran i te 
(b) volcanic rocks including glass 
(c) a rg i l l aceous group which include s c h i s t , 
p h y l l i t e , s i l t s tone-shale e t c . 
In the Jaisalmer sandstones rock fragments of a rg i -
l laceous group are found. These are s ch i s t s and p h y l l i t e s 
(Fig. 7) with occasional s i I t s tone-shales (F ig .8) . Some 
of the rock fragments are smashed in between the competent 
gra ins r e su l t i ng into formation of 'pseudo matrix ' . Over-
a l l percentages of rock fragments vary in between 0.90 
t o 4.29 percent averaging 2.46 percent . 
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Chert 
Cherts are chemically p rec ip i t a ted sedimentary rocks, 
e s s en t i a l l y monomineralic and composed chief ly of microcrys-
t a l l i n e and/or cryptocrys t a l l ine quartz with subordinate 
mega-quartz and minor amount of impuri t ies of c lay, organic 
matter and carbonate e t c . Chert may be eroded out of older 
che r t s and also from carbonates and may contr ibute to t e r r i -
geneous cons t i tuents of sandstones. I t i s s l i gh t ly less 
s t ab l e than quartz and is more b r i t t l e . In thin section 
i t can be iden t i f i ed by i t s peculiar p in-point birefr ingence 
due to i t s cryptocrys t a l l ine na ture . 
In the Jaisalmer sandstones two types of cher t , 
non ferirugenous and ferrugenous are present but the former 
i s more common. De t r i t a l chalcedoney is a lso present in 
one or two samples. Overall percentages of cher t va r i e s 
in between 0.61 to 4.14 percent , averaging 1.58 percent . 
Mica 
Muscovites and b i o t i t e s are the two important members 
of the mica family which are general ly present in sand-
stones as d e t r i t a l g r a in s . Being very l i gh t these minerals 
do not give much ins ight into the t r anspor t dynamics e t c . , 
but may be of help in v i sua l i z ing the source rock and 
com pact ional diagenetic regime because they are easi ly 
deformed under s t r e s s . 
Al 
F i g . 1 1 : Bent muscovite g r a i n due to mechanical 
compact ion( a) pa tches of c a l c i t e 
cements (b) and re crys ta 11 ized meta-
morphic qua r t z ( c ) . 
(Nicols crossed,X8 0) 
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In t h i s study of sandstones only muscovite v/as 
encountered in rout ine petrography that too in very l ess 
amount. I t i s absent in half of the samples and i t s percen-
tage ranges up to 3.68 percent with an average of about 
0.58 percent. Muscovite grains often show interlamel l a r 
deformation, bending and thinking in between the competent 
gra ins and splayed ends in to open pore spaces (Fig .11) . 
Heavy Minerals 
Heavy m i n e r a l s a r e d e f i n e d o p e r a t i o n a l l y as t h o s e 
w i t h a s p e c i f i c g r a v i t y g r e a t e r t h a n 2 . 8 5 . They i n c l u d e 
a v a r i e t y of f e r r o m a g n e s i a n and i r o n m i n e r a l s of s t a b l e , 
m e t a s t a b l e and u n s t a b l e n a t u r e . 
The s t u d i e d s a n d s t o n e s c o n t a i n v e r y l i t t l e amount 
o f heavy m i n e r a l s which i n c l u d e t o u r m a l i n e and some o p a q u e s . 
O v e r a l l p e r c e n t a g e s of heavy m i n e r a l s r a n g e in be tween 
z e r o t o 1.36 p e r c e n t w i t h an a v e r a g e of 0 .39 p e r c e n t . 
RELATIONSHIP OF SIZE TO FRAMEWORK DETRITAL MINERALS 
Sometimes d i s t r i b u t i o n of a m i n e r a l a n d / o r m i n e r a l s 
i n a s a n d s t o n e i f i s n o t c o n t r o l l e d t h e n e f f e c t e d by s i z e 
o f t h e c o n s t i t u e n t g r a i n s . Th i s i s s p e c i a l l y t r u e f o r f e l d -
s p a r s and rock f r a g m e n t s as fo rmer a r e g e n e r a l l y known 
t o i n c r e a s e i n abundance w i t h a d e c r e a s e i n g r a i n s i z e 
and t h e l a t t e r become s p a r s e w i t h d e c r e a s e i n g r a i n s i z e . 
The r e l a t i o n s h i p be tween t h e mean s i z e on onp .^and 
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72 7A 76 78 80 82 
Common Gluarlz Percent 
84 86 88 90 
Fig. 12 : Btvariantplots of mean size versus common quartz 
(A), feldspar (B), and rock fragments (C) 
(N = total number of samples, r = correlation 
coefficient). 
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and v a r i o u s t y p e s of d e t r i t a l c o n s t i t u e n t s i . e . q u a r t z , 
f e l d s p a r and rock fi;;agments on t h e o t h e r hand were s t u d i e d 
w i t h t h e h e l p of b i v a r i a n t d i ag ram and c o r r e l a t i o n c o e f f i -
c i e n t ( F i g . l 2) . 
Quar tz does n o t show any r e l a t i o n s h i p w i t h mean 
s i z e as e v i d e n t from s p r e a d of d a t a and c o r r e l a t i o n c o e f f i -
c i e n t v a l u e of 0 .03 { F i g . 1 2 A ) . 
F e l d s p a r s and rock f r a g m e n t s do show some i n t e r d e p e n -
dence wi th mean s i z e b u t t h e c o r r e l a t i o n i s n o t v e r y 
s i g n i f i c a n t s t a t i s t i c a l l y . C o r r e l a t i o n c o e f f i c i e n t cf mean-
s i z e and f e l d s p a r p e r c e n t a g e s i s 0 .24 which though weeik 
i s in c o n f o r m i t y w i th t h e g e n e r a l o b s e r v a t i o n as m e n t i o n e d 
above ( F i g - 1 2 B ) . Rockfragment abundance and i t s r e l a t i o n 
t o me an s i z e i s v e r y weak, h a v i n g c o r r e l a t i o n c o e f f i c i e n t 
v a l u e of - 0 . 1 6 b u t i t does show t h a t w i th t h e c o a r s e n i n g 
of sand, rock f r a g m e n t s become more common ( F i g . l 2C). 
CLASSIFICATION OF JAISALMER SANDSTONE 
P e t r o g r a p h i c d e s c r i p t i o n of a s a n d s t o n e i s n o t 
c o m p l e t e w i t h o u t c l a s s i f y i n g and d e s i g n a t i n g i t , v/hich 
a l s o h e l p i n a mean ingfu l c o m p a r i s o n w i t h o t h e r s a n d s t o n e s . 
C l a s s i f i c a t i o n of s a n d s t o n e s i s g e n e r a l l y p e t r o g r a p h i c 
and i s ba sed on m i c r o s c o p i c s t u d i e s r e q u i r i n g a p p r o x i m a t e 
d e t e r m i n a t i o n of modal c o m p o s i t i o n . S e v e r a l schemes of 
s a n d s t o n e c l a s s i f i c a t i o n have been p roposed v;i th t h e 
m a j o r i t y b a s e d on m i n e r a l o g y a n d / o r t e x t u r e (McBricfe, 1 " . o ; 
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Table 7 Petrographic classification of the Jaisalmer 
sandstones based on Folk's M980) method. 
SI .No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
Sanple 
No. 
3 
5 
6 
7 
9 
10 
11 
71 
72 
73 
76 
79 
124 
127 
131 
182 
189 
191 
192 
193 
196 
200 
Quartz 
Q 
90.90 
93.00 
87.60 
89.60 
87.60 
87.90 
93.80 
87.70 
89.40 
92.60 
87.50 
91.90 
89.80 
93.90 
85.90 
94.50 
90.15 
89.40 
86.80 
90.80 
93.30 
90.80 
Feldspar 
F 
6.40 
3.80 
4.95 
5.90 
7.75 
8.10 
3.10 
7.75 
6.15 
3.20 
8.65 
3.75 
6.25 
2.50 
7.35 
3.65 
6.65 
7.10 
8.30 
5.40 
4.30 
5.80 
Rock fragment 
L 
2.70 
3.20 
7.45 
4.50 
5.65 
4.00 
3.10 
4.55 
4.45 
4.20 
3.85 
4.35 
3.95 
3.60 
6.75 
1.85 
3.20 
3.50 
4.90 
3.80 
2.40 
3.40 
Name of the Sandstone 
Sub arkose 
Sub arkose 
Sub l i t h a r e n i t e 
Sub arkose 
Sub arkose 
Sub arkose 
Sub arkose 
Sub arkose 
Sub arkose 
Sub l i t h a r e n i t e 
5^b arkose 
Sub l i t h a r e n i t e 
Sub arkose 
Sub l i t h a r e n i t e 
Sub arkose 
Sub arkose 
Sub arkose 
Sub arkose 
Sub arkose 
Sub arkose 
Sub arkose 
Sub arkose 
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Quar tz 
QuQTtzarenite 
-*ir-
o *i 
a j \ 
3-.1 
Feldspar 
F/R Ratio 
1:3 R 
Rock Fragments 
Fig. 13 : Class i f ica t ion of Jaisalmer sandstones based on Folk ' s 
(1980) method. 
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Dott, 19 64; Folk, 1980). 
In th i s study Folk 's (1980) scheme of sandstone 
c l a s s i f i c a t i o n was used. Modal composition of the sandstones 
were p lo t ted on a t r iangular diagram given by Folk (1980) 
(Table-7; f ig . 13). 
Eighty percent of the sandstones are subarkose while 
r e s t are subl i thareni t e . There is no quartz a ren i t e but 
few samples plot very near to quartz a r e n i t e f i e ld . Most 
of the sub l i tha ren i t e also plot near the subarkose or that 
of quartz a r en i t e f i e l d s . 
CHAPTER I I I 
D I A G E N E S I S 
The term diagenesis was intrcxiuced by Von Guembel 
in 1868 who was the f i r s t to imagine a se t of t r ans fo r -
mations independent of metamorphism which convert freshly 
deposited sediment into a compact rock (Segonzac, 19 68). 
Diagenesis i s defined as physico-chemical changes 
brought in e i ther so le ly by physical , chemical and b io log i -
cal processes or by any combination of the above said pro-
cesses . I t encompasses a l l post-deposi t iona 1 changes which 
s t a r t j u s t a f t e r sediments get deposited. I t i s important 
t o note tha t there are no c l ea rcu t , but hazy boundaries 
between diagenesis and weathering on one hand and between 
diagenesis and metamorphism on the other hand. Overall 
trend of diagenesis of sediments i s control led by many 
factors of which important ones are tex ture and d e t r i t a l 
mineral composition, environment of deposi t ion and associa-
ted l i t h o l o g i e s . Tectonic s e t t i ng of a basin is a lso an 
important factor con t ro l l ing diagenesis by v i r tue of geo-
thermal gradient , ra te and extent of basin subsidence. 
In sandstones multitude of diagenet ic processes 
can be divided into two broad ca tegor i e s : physical diagene-
t i c processes and chemical diagenet ic processes . Both of 
these processes operate simultaneously towards es tab l i sh ing 
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physical adjustment to surrounding s t r e s s f i e ld and an 
equilibrium chemical composition. Physical and chemical 
d iagenet ic processes may operate at d i f f e ren t magnitude 
and vigour a t various stages of diagenesis which wil l be 
control led by tec tonic regime and chemical po t en t i a l in 
the bas in . After diagenesis sandstones become reduced in 
porosi ty due to compaction and occlusion of pore space 
due to cementation. During diagenesis sandstone may lose 
many unstable minerals and may gain authigenic p r ec ip i t a t e s 
in response to ever changing chemistry of the pore waters , 
over varying length of time. 
In th i s study various aspects of sandstone diagenesis 
were studied which include compaction, cementation, porosi ty 
and i t s evolution and role of tex ture and composition of 
sandstone on the course of d iagenes i s . The studied sand-
stones are f r i ab le in nature and yellowish brown in colour . 
In general framework grain percentages range from 62.83 
percent to 76.2 0 percent and average 67.7 6 percent 
(Table-8; f ig . 14). Important cementing mater ia l s present 
and the i r average percentages are quar tz , 5.36; iron oxide 
cement, 4.14; carbonate cement, 1.88; porel ining c lay , 
1.14; and pore f i l l i n g c lay, 0.27 percent . Percentages 
of t o t a l cement in the studied samples vary in between 
5.40 to 36.90 percent with an average of 12,79 percent . 
Average exis t ing porosity i s 19.45 percent while average 
minus-cement poros i ty , defined l a t t e r , is 32.2 4 percp-.^t 
(Table-8) . 
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Fig. 14 : ..Histogram showing average percentages of framework 
grains, various cements, existing porosity and 
minus-cements porosity of sandstones of Jaislmer 
Forma'tlon. 
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COMPACTION 
Compact ion i s d e f i n e d as p o r e volume r e d u c t i o n of 
s e d i m e n t u n d e r p r e s s u r e . As s a n d s u n d e r g o compac t ion d u r i n g 
b u r i a l , po re w a t e r i s e x p e l l e d and vo id s p a c e s d e c r e a s e 
a s a r e s u l t of normal s h e a r i n g c o m p r e s s i o n a l s t r e s s e s i n 
r e s p o n s e t o c o n t i n u o u s d e p o s i t i o n of s e d i m e n t a t w a t e r 
s e d i m e n t i n t e r f a c e . Compact ion of s a n d s i s an eve r c o n t i -
nuous p r o c e s s and i n c r e a s e s w i t h s u b s i d e n c e of b a s i n , some 
t i m e s added by t e c t o n i c s t r e s s e s ( C h i l l i n g a r i a n , 19 8 3 ) . 
The re a r e two i m p o r t a n t p r o c e s s e s which can impede 
c o m p a c t i o n . One i s d e v e l o p m e n t of o v e r p r e s s u r e . Th is h a p p e n s 
when pore- p r e s s u r e i s i n c r e a s e d enough t o e q u a l i s e p r e s s u r e 
e x e r t e d by o v e r l y i n g s e d i m e n t and w a t e r co lumn. The e f f e c -
t i v e s t r e s s i s t h e r e f o r e s t r o n g l y r e d u c e d by i n c r e a s i n g 
o v e r p r e s s u r e . When p o r e p r e s s u r e a p p r o a c h e s t h e g e o - s t a t i c 
p r e s s u r e t h e e f f e c t i v e s t r e s s w i l l a p p r o a c h z e r o ( B j o r l y k k e , 
1 9 8 3 ) . Compaction may a l s o be e f f e c t i v e l y checked by e a r l y 
c e m e n t a t i o n which r e s u l t s in s t a b i l i z a t i o n of f ramework. 
Compact ion can be b r o u g h t i n by two d i f f e r e n t p r o c e s s e s , 
i . e . p h y s i c a l compac t ion and c h e m i c a l c o m p a c t i o n . Both 
a r e i r r e v e r s i b l e and p o r o s i t y l o s s due t o them c a n n o t be 
r e g a i n e d . The compac t ion p r o c e s s e s a r e d e s c r i b e d be low: 
P h y s i c a l Compact ion 
I t encompasse s a l l e a r l y s t a g e s of compac t ion w i t h o u t 
t h e d i s s o l u t i o n of g r a i n s a t t h e i r c o n t a c t s . I t i n c ' ,es 
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grain rearrangement by ro t a t i on , s l ippage, duc t i l e deforma-
t ion and grain fracturing (Houseknecht, 19 87). 
Chemical Compaction 
I t is characterized by in te rgranular pressure solu-
t ion that begins a f t e r considerable depth of b u r i a l and 
i s aided by temperature increase with bur ia l due to geother-
mal gradient . The effect of increased temperature and 
pressure lowers the so lub i l i t y of minerals and favours 
the formation of dense and less hydrous mineral phases. 
Chemical compaction also r e s u l t s in increased number of 
contacts per grain. Nature of contacts also changes and 
increased number of long and other types of contacts appear 
a t the expense of point con tac t s . 
For the study of compaction of the Jaisalmer sand-
s tones , twelve samples in which o r ig ina l fabr ic is preser-
ved were employed. In each thin sect ion around two hundred 
poin ts were counted for various compaction parameters on 
su i t ab l e grid spacings. The compaction parameters employed 
in th i s study include contact index, packing proximity, 
packing densi ty , types of con tac t s , contact s t reng th , and 
consolidat ion fac tor . These parameters are described as 
follows : 
Contact Index (CI) 
Contact index is defined as average number of c^ „-
t a c t s per grain i r r e spec t ive of nature of contacts 
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(Taylor , 1950). 
In the s t ud i ed sands tones maximum percen tage of 
g r a i n s (3 4.23%) have two c o n t a c t s p e r g r a i n followed by 
t h r e e (27.35%) one (17.77%), four (10 .92%) , f i v e (2.85%) 
and more than f ive c o n t a c t s (1.10%) (Table-9 ; f i g . l S A ) . 
F l o a t i n g g r a in s which show no c o n t a c t in p lane of t h i n 
s e c t i o n average 5.78 p e r c e n t . In some samples pe rcen t ages 
of g r a in s wi thou t any c o n t a c t a r e much h i g h e r and i t i s 
found t h a t t h e s e rocks c o n t a i n high pe rcen tages of cement 
e s p e c i a l l y ca rbona te and i ronox ide which have r e a c t e d wi th 
the d e t r i t a l g r a in s and modif ied t h e o r i g i n a l frameworjc. 
Packing Proximi ty (Pp) 
Packing proximi ty (Kahn, 1956) i s expressed as the 
p e r c e n t a g e of g r a i n to g r a i n c o n t a c t s in a t r a v e r s e : 
Pp = - 3 ~ X 100 
^ n 
where q i s the number of g r a i n to g r a i n c o n t a c t and n i s 
the t o t a l number of g r a i n s . 
In the s tud i ed sands tone samples packing proximi ty 
r anges from 30.3 t o 53.5 pe rcen t wi th an average of 43.14 
percen t (Tab le -9 ) . 
Packing Densi ty (Pd) 
The aggrega te r e l a t i o n s h i p of packing i s expressf^d 
by packing d e n s i t y , Pd (Kahn, 1956) which may be deterrni- .^  
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by following formula: 
n 
m 2 g i 
where gi i s the grain in te rcep t value (width of a grain 
along a t r ave r se ) , t is the t o t a l length of a t r ave r se , 
m i s correct ion for magnification and n is the t o t a l number 
of contacts . 
In the studied samples of sandstones packing densi ty 
percentages range in between 55.6 to 78.6 percent with 
an average of 70.81 percent (Table-9). 
Types of Contacts 
Compaction forces grains into close packing which 
i s ref lec ted in average numbers of contacts per grain and 
nature of contact type. Tylor (1950) ident i f ied four types 
of grain contacts tha t can be observed in plane of thin 
sect ion : tangent ia l or point contact which appear as a 
point in plane of th in sect ion; long contact which appear 
as a s t r a igh t l i n e ; concavo-convex contact that appear 
as a curved l i n e ; and sutured contact appearing as a se r ra -
ted in ter f ingering contact caused by mutual s t y l o l i t i c 
in te rpene t ra t ion of two or more g ra ins . In a loosely packed 
sandstone fabr ic , some grains may not make contact v/ith 
other grains along" the t raverse l i n e , these points are 
re fer red as f loat ing ' contacts . 
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A/ ^ \ '^i /1J "#SC^  -^ "^  ^ 
7 .. t^» 
Fig. 16: Well sorted sandstone with various 
types of contacts including point( a) , 
long(b) and concavo-convex (c ) contacts 
Iron oxide cement occur as black 
patches and coating around the grain. 
Absence of i ron oxide coating fron 
g ra in co nt ac ts in di ca te i t s po st 
depos i t iona l o r i g in . Oversize pores(d) 
r e s u l t i n g from d i s so lu t ion of l a b i l e 
g ra ins and/or cements can be noted 
i n the centre of the photograph. 
(Plane polar ized l i gh t , X3 2) 
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Floating contacts di f fer fron f loat ing grains in 
the sense that the former does not have contact a t the 
point of counting, along a t raverse l ine although the grain 
may have contact /contacts with other grains at other po in t s . 
While f loat ing grain does not have any contact with any 
other grain . 
The studied sandstones show very l i t t l e compaction 
and t h e i r or ig ina l framework fabric is almost in t ac t 
(Fig. 16). The various types of contacts observed include 
f loa t ing contacts comprising around 61 percent of the t o t a l 
contac ts , followed by point , long, concavo-convex and 
sutured contacts with the i r average respec t ive percentages 
of 21.46, 12.78, 4.03 and 0.58 percent (Table-9, f ig. 15B). 
Two packing parameters based on contact types were 
employed to study extent of compaction. 
Contact Strength (Cs) 
The contact strength (Fuchtbauer, 1967) can be quan-
t i f i e d by following formula: 
'( a + 2b) / ( a + b 0 
where a is the number of point contac ts and b is the number 
of a l l other contacts including long, concavo-convex and 
sutured con tac t s . 
In th i s study contact strength values range fron 
1.3 0 to 1.6 6 with an average of 1.46 (Table-9). 
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Conso l ida t ion Fac to r (Cf) 
« • 
Conso l ida t ion f ac to r (Fuchtbauer , 19 67) i s expressed 
a s : 
_ (F-H2T+3L+4C+5S) . „. Ct - 5QQ X I uu 
where F , T , L , C , S a r e t h e p e r c e n t a g e s of f l o a t i n g t a n g e n t i a l , 
l o n g , c o n c a v o - c o n v e x and s u t u r e d c o n t a c t s r e s p e c t i v e l y . 
I t i s w e l l known t h a t c o n s o l i d a t i o n f a c t o r i n c r e a s e s w i t h 
i n c r e a s e in c o m p a c t i o n . 
I n t h e s t u d i e d s a m p l e s v a l u e s of Cf v a r y from 27 .0 
t o 37 .3 p e r c e n t w i t h an a v e r a g e of 3 2 . 4 p e r c e n t ( T a b l e -
9 ) . 
BIVARIANT PLOTS OF COMPACTIONAL VERSUS TEXTURAL AND MINERA-
LOGICAL PARAMETERS 
Of a l l t h e c o m p a c t i o n a l p a r a m e t e r s d e t e r m i n e d f o r 
t h e s a n d s t o n e s u n d e r s t u d y , t h e c o n t a c t i n d e x (CI) i s 
b e l i e v e d t o be t h e most r e p r e s e n t a t i v e of c o m p a c t i o n b e c a u s e 
t h e r e a r e l e s s c h a n c e s of making an e r r o r w h i l e c o u n t i n g 
t h e number of c o n t a c t s p e r g r a i n . T h e r e f o r e , b i v a r i a n t 
p l o t s were made t o s e e r e l a t i o n s h i p of c o n t a c t i n d e x v?ith 
s a n e t e x t u r a l , m i n e r a l o g i c a 1 and c o m p a c t i o n a l p a r a m e t e r s . 
C o r r e l a t i o n c o e f f i c i e n t v a l u e s of b i v a r i a n t p l o t s 
o f c o n t a c t i n d e x v e r s u s mean s i z e ( F i g . 1 7 A ) and v e r s u s 
s o r t i n g ( F i g . 1 7 B ) a r e 0.20 and 0 .27 r e s p e c t i v e l y which 
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are qui te lew implying a weak c o r r e l a t i o n . However the 
p lo t s indicate that (I) sor t ing responds comparatively 
well to the contact index as compared to mean size and 
( I I ) as mean size decreases and sor t ing worsens the contact 
index value inc reases . The contact index versus roundness 
p lo t shows that increasing roundness is accompanied by 
increas ing contact index values (Fig.17C). However, the 
co r re l a t ion between the two parameters is very weak 
(r=0.10). A weak co r re l a t ion is obtained between contact 
index and elongation index (r=-0.19) but i t i s apparent 
t h a t as elongation increases number of contacts per grain 
a l so in ceases (Fig.17D), 
Two mineralogica 1 parameters including quartz grain 
and rock fragment percentages were p lo t t ed agains t contact 
index values . The contact index values increase with decrea-
sing percentages of quartz grains although the co r re l a t ion 
coeff ic ien t value {r=-0.2 5) i s weak (Fig.lVE). The contact 
index values versus percentages of rock fragments plot 
suggests a' d i rec t and good re l a t ionsh ip (r=0.5 3) between 
the two parameters (Fig.17F>. The quartz and rock fragment 
p lo t s indicate that r i g i d i t y of framework cons t i tuents 
has control led compaction. Increasing percentages of quartz 
imparted more r i g i d i t y to the framework which res i s t ed 
compaction to a grea ter degree than those samples that 
contained r e l a t i v e l y higher percentages of l ab i l e rock 
fragments . 
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P a c k i n g p r o x i m i t y v a l u e s show a s t r o n g d i r e c t r e l a -
t i o n s h i p wi th c o n t a c t i n d e x w i t h t h e c o r r e l a t i o n c o e f f i c i e n t 
v a l u e of 0.84 ( F i g . 1 7 G ) . T h i s i m p l i e s t h a t a v e r a g e number 
of c o n t a c t s p e r g r a i n i n c r e a s e w i t h i n c r e a s i n g p a c k i n g 
p r o x i m i t y . 
P a c k i n g d e n s i t y a l s o shows a s t r o n g r e l a t i o n s h i p 
w i t h c o n t a c t i n d e x ( F i g . 1 7 H ) . The c o r r e l a t i o n c o e f f i c i e n t 
v a l u e of 0.76 shows s t r o n g i n t e r d e p e n d e n c e of t h e two p a r a -
m e t e r s and i m p l i e s t h a t a s number of c o n t a c t s p e r g r a i n 
i n c r e a s e s p a c k i n g d e n s i t y a l s o i n c r e a s e s . 
C o n s o l i d a t i o n f a c t o r which i s b a s e d on c o n t a c t t y p e s 
shows a s t r o n g r e l a t i o n s h i p w i t h c o n t a c t i n d e x ( r = 0 . 8 6) 
( F i g . 1 7 1 ) . Th i s i m p l i e s t h a t as c o n t a c t i n d e x i n c r e a s e s 
c o n s o l i d a t i o n f a c t o r a l s o i n c r e a s e s . 
CEMENTATION 
C e m e n t a t i o n i s t h e p r o c e s s whereby new m i n e r a l s 
a r e p r e c i p i t a t e d from p o r e f l u i d s o n t o t h e g r a i n s and i n t o 
t h e p o r e s p a c e s . S y n t a x i a l o v e r g r o w t h s on d e t r i t a l " s e e d s " 
( g r a i n s ) i s a l s o a c e m e n t a t i o n p r o c e s s . Chemica l p r e c i p i t a -
t i o n of b i n d i n g and w e l d i n g a g e n t s may l e a d to i n d u r a t i o n 
and l i t h i f i c a t i o n . C e m e n t a t i o n p r o c e s s may s t a r t j u s t a f t e r 
t h e d e p o s i t i o n of s and and i s c o n t r o l l e d by o x i d a t i o n and 
r e d u c t i o n a t se d i me nt-w a t e r o r s e d i m e n t - a t m o s p h e r e i n t e r -
f a c e and i s t e r m e d as " h a l m y r o l y s i s " . The m i n e r a l c o m p o s i -
t i o n of framework c h a n g e s s l o w l y i n r e s p o n s e t o c h a n g i n g 
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pore water chemistry. Chemistry of pore water i s a very 
important factor and has a profound bearing on chemical 
d iagenesis and depends upon the hydrogen ion concentration 
( pH ) and redox-potent ia l (E ) (Chi 11 in gar i an et a l , 1975). 
Cements are normally considered to be d e l i t e r i o u s 
t o poros i ty . The timing of cementation events are of much 
importance. But presence of cements before compaction may 
be useful as far as poros i ty i s concerned. Because the 
cement may s tab l ize framework s t ruc tu re without much poro-
s i t y loss provided cement does not f i l l pore spaces and 
remains r e s t r i c t e d as rims around g ra ins . I t i s best respre-
sented in sandstones cemented by thin quartz overgrowths. 
Post-compaction cementation of the sandstones is d e t r i -
mental to porosity because cement occlude the remaining 
pore spaces, leftover a f t e r compaction. In cont ras t to 
poros i ty loss due to compaction which is i r r e v e r s i b l e , 
poros i ty loss due to cementation is r evers ib le insofar 
t h a t d i s so lu t ion and leaching of cement may give r i s e to 
secondary poros i ty . 
Cements were examined and t h e i r volume estimated 
along with the study of d e t r i t a l mineral composition of 
the Jaisalmer sandstones. Thin sect ions were s ta ined with 
Al izar in Red-S for i den t i f i ca t i on of carbonate cements. 
Cement present in the studied sandston,es and t h e i r mode 
of occurrence are desribed as follows: 
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Si l i ca Cement 
In general , s i l i c a cement as syntaxia l overgrowth, 
and as po re f i l l i ng cement i s one of the most abundant cement 
present in sandstones. Quartz overgrowths develop by the 
p r ec ip i t a t i on of s i l i c a d i r ec t l y from aqueous solut ion 
as well ordered, low temperature quar tz , in op t i ca l cont i -
nuity with the d e t r i t a l gra in . Overgrowths s t a r t as numerous 
t iny c rys ta l s as druse that coalesce in to a single large 
c rys t a l with well formed c ry s t a l faces depending upon the 
supply of s i l i c a through s i l i c a bearing so lu t ion and void 
space ava i lab le . Nucleation of an overgrowth on a seed 
grain i s re ta r ted and prevented by the coating of clay, 
i ron oxide and organic matter on d e t r i t a l ' seed ' grain 
and a l so by the presence of hydrocarbon in pore spaces. 
The environment of deposit ion also influences cementation 
by cont ro l l ing the composition of ear ly porewater and ind i -
r e c t l y effect ing tex ture hence permeabi l i ty . Extent and 
geometry of the sand body a l so affect f luid migration and 
con t ro l s s i l i c a cementation (McBride, 19 89). 
Many d i f fe ren t soiorces of s i l i c a have been proposed 
for quartz cement in sandstones. Important sources are 
descending meteoric water sa tura ted with s i l i c a . Such pore 
waters exceeding the equilibrium so lub i l i t y of quartz i . e . 
about 6 ppm and the i r extreme concentrat ion may reach up to 
80 ppm. Natural waters are able to p e r s i s t for long times 
a t supersaturated l eve l s with respect to SiO_ . To produce 
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or to p rec ip i t a t e five percent s i l i c a cement, s i l i c a bearing 
pore water must c i r c u l a t e many times while constannly 
p r ec ip i t a t i ng the supersaturat ion excesses as overgrowths. 
Such extensive c i r cu l a t i on is characters t i c of a l l u v i a l 
sands; i t may also happen in shore l ine and cont inenta l 
shelf sands (Pet t i John et a l , 19 87). 
The widespread d i s t r i b u t i o n of quartz cement in 
moderate to deeply buried sandstones suggests a general 
operating system that i s common to most of those sandstones. 
Pressure solution of d e t r i t a l quartz and other s i l i c a t e s 
a t grain contacts in sandstones i s c i ted as an important 
source of s i l i c a by many sedimentologist in deeply buried 
sandstone. The fundamental idea of pressure solut ion i s 
t h a t the ef fec t ive s t r e s s i s developed at point contacts 
of quartz grain during increasing bur ia l and temperature 
which augment the d i s so lu t ion at those p o i n t s . Dissolved 
s i l i c a go in to solut ion and again get p rec ip i t a ted on pa r t s 
of the grain surface open to pore or at pressure shadow 
zones, following Riecke'''s p r i n c i p l e . This secondary quartz 
p r ec ip i t a t i on i s control led by r e l a t i v e importance of the 
r a t e of d i sso lu t ion at grain contac t s , the ra te of diffusion 
from contact to pore space and the ra te of p r e c i p i t a t i o n , 
(Pett i john, e t a l , 1987). Contrary to above process where 
s i l i c a is re leased within a sand or sandstone body ( i . e . 
in te rna l ) there could be external source too; t h a t is p re -
ssure solut ion of quartz grain in shales , conglomerates 
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F i g . 18: S i l i c a canen t o c c u r r i n g as s y n t a x i a l 
overgrovrtihs on d e t r i t a l g r a i n s of 
q u a r t z ( ^ ) . A d e t r i t a l g r a i n of 
c ha Ic ed on y sh cw in g ty pi ca 1 f i br ou s 
s t r u c t u r e i s seen in t h e cen t r e of 
photograph . 
(Nicols c rossed ,X80) 
r 
I' 
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and che r t s , provided that -the s i l i c a diffused and migrated 
from the source rock to the sand or sandstone going to 
be cemented (Mo Bride, 1989). Other important source of 
s i l i c a are : conversion of clay minerals chief ly smect t t ie 
and i l l i t e during bur ia l di agenesis , decomposition and 
kao U n i t i z a t i o n of fe ldspars ; replacement of quartz and 
other s i l i c a grains by carbonate; s i l i c a released from 
the hydrolysis of volcanic g lass , from s i l i ceous organisms 
e t c . 
In the sandstones of Jaisalmer Formation s i l i c a 
i s present as a cement in a l l the studied samples- But 
the cement i s ra ther confined as thin and discontinuous 
syntaxial overgrowths (Fig .18) . Overall abundance of quartz 
cement ranges from 2.91 percent to 8,35 percent with an 
average of 5.36 percent . 
Quartz overgrowths in the studied sandstones are 
present on the d e t r i t a l grains free of the clay coats where 
quartz commonly nucleates and then grows outwardly and 
l a t e r a l l y to form an asymmetric overgrowth. Cutans v/hich 
are lamellar clay coats that i n f i l t r a t e d with descending 
water are common in the studied sandstones and served the 
same function as authigenic clay coa t s , with regard to 
re tard ing quartz cementation. 
I t is a lso important to note that a t many instances 
i f not in general i t is found that s i l i c a overgrowth i s 
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r e s t r i c t e d to narrow space in between the two adjacent 
gra ins instead of p re fe r r ing the more open intergranulS-r 
pore spaces. This phenomenon was e a r l i e r noted by Wollast 
(1971) and Tardy and Monin (1982) and was a t t r i bu t ed to 
a gain of surface energy at d e t r i t a l grain margin in tiny 
th roa t s and/or to the decrease in a c t i v i t y of water. This 
can also be explained by the fact that a very sluggish 
movement of s i l i c a bearing solut ion through these narrow 
pore th roa t s gave ample time for s i l i c a p r e c i p i t a t i o n . 
Other p laus ib le explanation can be t ha t there is ample 
amount of i n f i l t r a t e d , porel ining clay in the studied sand-
s tones . These clays were i n f i l t r a t e d simultaneously with 
the deposit ion of sand or l i t t l e l a t e r , and were concen-
t r a t e d onto the grain surface open to the larger pores 
and were not able to i n f i l t r a t e narrow pore t h roa t s . This 
r e su l t ed in coating of sand grains by clay adjacent to 
l a rge r pores and narrow pore th roa t s general ly l e f t free 
from clays; these clean narrow th roa t s provided pos i t ive 
s i t e s for s i l i c a nucleat ion. 
As far as source of s i l i c a is concerned an in te rna l 
source is unl ikely for the sandstones of ja isa lmer Forma-
t i on . I t is because of the fact tha t compaction of these 
sandstones was not severe as evidenced by large auir,bcr 
of f loat ing grains as well as low contact incDX valua.-
(average CI =2.3 3) , and also lack of any t e x t u r a i c r i t e r i a . 
In fact i t seems more reasonable that the s i l i c a was derived 
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from some external source. I t is d i f f i c u l t to identify 
the de f i n i t e source of s i l i c a but basement r h y o l i t e s appear 
t o be the obvious choice. Thus underground c i r cu l a t i ng 
water laden with dissolved s i l i c a from basement rhyo l i t e s 
were most probably responsible for p r e c i p i t a t i o n of s i l i c a . 
Iron Oxide Cement 
Iron oxide cement is present in most of the studied 
sandstones imparting reddish brown hue to them. Iron 
oxide cementation i s general ly an ear ly d iagenet ic process, 
involving oxidation and reduction r eac t i ons . These redoxo-
morphic react ions are r e s t r i c t e d to sediment-water and 
sediment-at mo sphere in te r faces and tend to e s t ab l i sh bulk, 
f ina l colour of the sandstone. Alluvial sands are more 
l i a b l e to undergo such reac t ions as compared to marine 
sands (Bogs, 1987). Pr inciple reac tan t s involved are i ron, 
oxygen, sulfur and carbon. In the deposi ts consis t ing of 
s ign i f i can t f rac t ion of organic matter and sulfur , carbon 
of the organic compounds appear to be most eas i ly oxidised, 
the iron is converted to ferrous s t a t e permitt ing f ixa t ion 
of sulfur as pyr i te (Dapples, 1967). Iron oxide may also 
form a f te r s ign i f i can t buria l where i n t r a s t r a t a l so lu t ion 
a l t e r i ron bearing mafic minerals and i t s subsequent p r e c i -
p i t a t i o n into the i n t e r s t i c e s i s favoured by micro E and 
p environment (Walker, 1974). 
In the studied samples over a l l percentages of iron 
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Fig.19: Pervasive development of i ron oxide 
cement and f loat ing grains of d e t r i t a l 
q ua r t z. 
. (Plane polar ized l i g h t , X3 2) 
Fig .20: Scanning e lec t ron photomicrograph 
of iron oxide(I) which shows shrinkage 
cracks ( . ») . 
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oxide cement range from 0.71 percent to 23.16 percent with 
an average of 4.14 percent . In most of the samples iron 
oxide i s less than three percent barr ing few samples where 
i ron oxide comprises more than six percent of cement and 
even up to a maximum of twenty three percent . 
Mode of occurrence of iron oxide cement also d i f fe r s 
from sample to sample. Most of the samples contain thin 
iron oxide coating inher i ted from the provenance. Some 
samples show pervasive development of iron oxide cements. 
These sandstones display quartz grains sca t te red in a groun-
dmass of iron oxide (Fig.19&20). The disrupted framework 
of grains suggests corrosion by some e a r l i e r cement or 
deposi t ion of quartz grains alongwith the highly ferrugenous 
matrix. Iron bearing solutions were probably derived from 
overlying Deccan Traps, 
Carbonate Cement 
Carbonate cements are important cementing material 
present in sandstones, second to quar tz . Though c a l c i t e 
i s the most common carbonate mineral welding sdandstones 
but dolomite, ferroan dolomite and s i d e r i t e cements are 
a l so common. Aragonite cement is a l so known but only in 
recent sands, apparently having inverted to c a l c i t e in 
older sandstone. The carbonate may be found e i the r as 
pervasive , patchy, po re f i l l i ng or as concentrat ions in 
the laminae (Pt t i john et a l , 1987). 
Important mechanism responsible for carbonate cemen-
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t a t ion in various stages of diagenesis can be classed into 
two types . Primary or early d iagenet ic p r ec ip i t a t e s pene-
contemporaneous with the deposit ion of sand i s re la ted 
t o favourable, presumably marine environment of sedimenta-
t i on where carbonate is p r ec ip i t a t ed . This view is supported 
by modem analogues where submarine l i thif i ca t ion by carbo-
nate cementation is taking place. P rec ip i t a t i on of calcium-
carbonate yby the action of cap i l l a ry action above the ground 
water level termed as caliche is a l so an important process 
whereby sands are cemented by the carbonate cement. Other 
type of carbonate i s secondary in which a f te r s ign i f i can t 
b u r i a l sands are l i t h i f i e d by carbonate cements p rec ip i ta ted 
from pore water. These pore water derive the i r dissolved 
calcium carbonate and re la ted ions from the compaction 
of lime or carbonate bearing rocks and d i s so lu t ion of carbo-
nate bearing s h e l l s . Finding favourable physico-chemical 
condition they get p r ec ip i t a t ed . 
About one th i rd of the studied sandstones are c a l c i t e 
cemented which contain a maximum of 31 .26 percent of c a l c i t e 
cement in one sample. This sample shows pervasive development 
of c a l c i t e cement which consis ts of well developed mosaic 
of microspar (Fig .21^2).In r e s t of the samples c a l c i t e cement 
i s present in the corners of pores or as r^^mnant patches. 
Overall average percentage of c a l c i t e cement i s 1.88 per-
cent . 
Open framework and r e l a t i v e l y high percentage of 
7A 
F i g . 2 1 : P e r v a s i v e development of c a l c i t e 
c e m e n t ( c ) . Corros ion of q u a r t z g r a i n 
( ») has r e s u l t e d in d i s r u p t e d frame-
work. 
(Nico l s c r o s s e d , x8 0) 
: F i g . 22: Scanning e l e c t r o n 
' of ca rbona te cement. 
pho t o mi cr og ra ph 
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"minus-cement" porosity (dealt l a t t e r in d e t a i l in the 
following text ) shows that these sandstones were probably 
cemented soon a f te r deposit ion and before s ign i f i can t 
b u r i a l . As per the s tudies of Akhtar and Aquil (1986) these 
sandstones were deposited in shallow marine environment 
which was conducive to the formation of carbonate cement. 
In l a t e r diagenetic events the primary carbonate cement 
was probably dissolved by advect ing ' ac idic meteoric water. 
Porel ining Clay 
Clay minerals rare ly cons t i tu te more than a few 
percent of the volume of sandstones spec ia l ly those depo-
s i ted in high energy environment. Nevertheless presence 
of clay minerals has a profound bearing on diagenet ic pro-
cesses , bulk proper t ies i . e . porosity and permeabili ty 
and on the in t e rp re t a t ion of deposi t ional processes. 
Porelining clay can be introduced in to the host 
sandstones syndeposi t ional ly and can occur as dispersed 
matrix within pores e i the r as d i sc re te laminae or as aggre-
ga t e s . Clay can also be introduced post deposi t ional ly 
as a r e su l t of bioturbat ion or by mechanical i n f i l t r a t i o n 
through the agency of water containing suspended clay 
p a r t i c l e s . These clay v a r i e t i e s are unique because of the 
fac t that they are emplaced af te r deposit ion of framework 
gra ins without dis turbing the overa l l t ex ture of sandstone. 
These clays are d i s t r i bu t ed on the surface of framework 
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grains and in pores . During diagenet ic evolution these 
clays may get regenerated as a r e su l t of increase in tempe-
r a t u r e and pressure . Also these clays may get involved 
in chemical reac t ion with pore water and due to r e d i s t r i -
bution of anions and cat ions get neoformed. These pore l in ing 
clay may envelop the framework grains and may influence 
subsequent diagenetic processes (Wilson and Pittman, 1977; 
Mat lack et a l , 19 89). 
In the studied sandstones pore l ining clays range 
from 0.35 to 2.66 percent and average 1.14 percent. Under 
the microscope, they form a thin coating around d e t r i t a l 
gra ins (Fig.23) . Their colour var ies from dark green to 
brownish green. The sandstone samples were a lso scanned 
through electron microscope and revealed the nature of 
these porelining c l ays . They are present as clay drapes 
and cutans cl inging and are or iented pa r a l l e l to framework 
g ra ins . At grain contacts these clays are absent shov/ing 
t h a t these clays were emplaced af ter depos i t ion . 
In general the diagenetic evolut ion of the studied 
sandstones seems to be affected by these porel ining c l ays . 
The presence of these clays inh ib i ted and aborted the 
formation of quartz overgrowths. I t has also helped in 
re ta in ing the o r ig ina l grain boundary of quartz protectinc; 
i t from corrosion by carbonate cement. 
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Fig .23 : Clay coatings around the d e t r i t a l 
g ra ins appearing as br ight and l ighted 
rims ( ) . A fresh or thoclase gra in 
(X) can be seen on r igh t s ide of 
the photograph. 
(Nicols crossed, X8 0) 
Fig. 24: Scanning e lec t ron photomicrograph 
showing d e c r i t a l grains of q-aartz 
with clay drapes or cutans (-—->)and 
a ut hi genie bridging clay ( >) seen 
^ i n th e ce nt re of ph ot og ra ph . 
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P o r e F i l l i n g C l a y s 
These c l a y s a r e a u t h i g e n i c and p r e c i p i t a t e d d i r e c t l y 
from pore w a t e r . Pore f i l l i n g c l a y s p lug i n t e r s t i t i a l 
p o r e s and u s u a l l y do n o t show any a p p a r e n t a l i g n m e n t r e l a -
t i v e t o d e t r i t a l g r a i n b o u n d a r i e s . These a u t h i n g e n i c p o r e -
f i l l i n g c l a y s can a t t a i n a h i g h d e g r e e of p u r i t y r e f l e c t e d 
by t h e i r c h e m i s t r y , u n i f o r m i t y in c o l o u r and m i c r o t e x t u r e 
d e p e n d i n g upon t h e a t t u n e m e n t t o t h e p h y s i c o - c h e m i c a l 
e n v i r o n m e n t - (Wi lson and P i t t m a n , 1 9 7 7 ) . 
In t h e s t u d i e d J a i s a l m e r s a n d s t o n e s p o r e f i l l i n g 
c l a y s were e n c o u n t e r e d in s e v e r a l s a m p l e s b u t in minor 
q u a n t i t y . These were r e c o g n i s e d by t h e i r t y p i c a l m i c r o 
morphology and o p t i c a l e x t i n c t i o n p a t t e r n s (Caroz z i , 1960^ .The 
a u t h i g e n i c c l a y s a l s o show b r i d g i n g e f f e c t ( F i g . 2 4 ) . They 
a r e t h e p r o d u c t of a c c u m u l a t i o n in v a d o s e zone by d e c a n t a -
t i o n of c l a y s from w a t e r d r o p l e t s (Moraes e t a l , 19 9 0 ) . 
I n t h e s a n d s t o n e s unde r s t u d y t h e s e a u t h i g e n i c c l a y s v a r y 
from 0 .28 p e r c e n t t o 1.17 p e r c e n t w i t h an a v e r a g e of 
0 . 3 9 pe r e en t . 
POROSITY 
A s a n d s t o n e c o n s i s t s of a framework of g r a i n s , i n t e r -
s t i t i a l d e t r i t a l s i l t and c l a y , a u t h i g e n i c cemen t s and 
a n i n t e r c o n n e c t e d n e t w o r k of p o r e s and v o i d s p a c e s . These 
v o i d s p a c e s c o n s t i t u t e p o r o s i t y . P o r o s i t y can be d e f i n e d 
a s p e r c e n t a g e s of a l l vo id s p a c e s i n a sand or s a n d s t o n e 
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(Pe t t i John et al , 1987). Porosi ty can be of two types : 
t o t a l porosity and e f fec t ive poros i ty . These term d i f fe ren-
t i a t e between interconnected pores through which f luids 
can move and t o t a l pore space regardless of i t s a b i l i t y 
t o transmit f l u id s . Effective porosity shows much be t t e r 
r e l a t i onsh ip with permeabil i ty (Chi l l ingar ian , 19 83). 
Shanmugam (1 98 5) proposed another c l a s s i f i c a t i o n 
of porosity in sandstones and recognised primary and secon-
dary poros i ty . The timing of pore genesis is the factor 
t h a t separate primary porosity from secondary poros i ty . 
By def in i t ion primary porosity orginates a t the time of 
deposi t ion or even pr ior to deposit ion as in the case of 
some d e t r i t a l rock fragments. Secondary porosity always 
o r ig ina te s a f t e r deposi t ion . On the basis of t h e i r r e l a t i v e 
pos i t ion , pores whether primary or secondary are c l a s s i f i ed 
as in te rg ra nu la r (between the grains) or in t r ag ra nu la r 
(within g ra ins ) . 
An understanding of processes responsible fof: crea-
t ing porosity i s important in apprecia t ing the d i s t r i b u t i o n 
of pore types in sandstones. Primary in te rg ranu la r pores 
are invariably caused by sediment sor t ing and packing. 
Pore geometry i s control led by shape and degree of roundness 
of framework g ra ins . Secondary pores are formed by f rac tures 
in grain and in rock due to overburden s t r e s ses and by 
other diagenetic processes such as d i s so lu t ion and com-
pact ion . These micro f rac tures are important pathways for 
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f luid migration and commonly enhance d i s so lu t ion of 
g ra ins and cements acting as conduit for chemically ac t ive 
f l u i d s . Porosity evolution throughout the h i s to ry of the 
sandstones is very important and is the key requirement 
for basin modeling and is of considerable economic and 
s c i e n t i f i c s igni f icance . 
So the f ina l porosity to work with is the - r e su l t 
of myriads of processes tha t acted on a sandstone through 
space and time. These processes can be compartmentalized 
in processes which reduce, enhance and re t a in porosity 
(Wolf and Chil ingarian, 1976). Porcesses which cause reduc-
t i on in porosity are mechanical and chemical compaction 
and cementation. Processes which tend to enhance porosi ty 
are fracturing due to l i t h o s t a t i c pressure and tec tonic 
s t r e s s e s , chemical d i s so lu t ion and leaching by acidic 
pore water and dolomi t i za t ion . There are processes which 
maintain and/or r e t a i n posor i ty ; these are ear ly cementa-
t i on , increased porefluid pressure which reduces l i t h o s t a -
t i c pressure and ear ly emplacement of hydrocarbon which 
i nh ib i t aqueous chemical react ion and hence cementation. 
The sandstones of the Ja is aimer Formation were 
studied petrographical ly and also scanned by electron 
microscope for the study of poros i ty . Porosity was s tu-
died and i t s volume estimated by counting three hundred 
gra ins per thin sect ion on a su i tab le gr idspacing. Important 
aspects of porosity studied are , (I) porosi ty and i t s 
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evolution, and ( I I ) effect of tex ture and mineral compo-
s i t i o n on poros i ty . 
Porosi ty and i t s Evolution 
The studied sandstones in general are f r i ab le and 
porous. Existing macroporosity i s a sum of primary and 
secondary porosity and was evaluated on the bas is of 
petrographic c r i t e r i a . Pores general ly are t r i angu la r in 
shape and are equidimensional and are primary in o r i g i n . 
Secondary porosity i s also evident and or iginated due to 
grain f rac tur ing and grain d i s so lu t ion . Feldspars and rock 
fragments are seem to be more l i a b l e to d i s s o l u t i o n , while 
quartz grains have developed secondary posori ty as a r e su l t 
of fracturing (Fig .24) . Secondary porosity i s i n s ign i f i can t 
as far as i t s volume percentage i s concerned. Recognition 
of secondary porosity due to d i s so lu t ion of framework 
gra ins is not a problem but secondary porosi ty developed 
by d i s so lu t ion of carbonate cement cannot be readi ly d i s -
t inguished fron primary in te rgranular poros i ty . Dissolution 
of pore f i l l i n g carbonate cement can not be ruled out kee-
ping in view the presence of corroded quartz grains and 
remnant carbonate patches in the pore spaces. 
Porosity percentages of the studied sandstones range 
from a minimum of 3.5 percent to a maximum of 2 9.2 percent 
with an average of 19.5 percent . Low poros i t i e s are encoun-
tered in the sandstones having pervasive development of 
82 
pore f i l l i ng cements. Quartz cement has not much contributed 
t o reduction of porosi ty due to i t s r e s t r i c t e d development 
as overgrowths as th in rims and notches. Clays, both pore-
l i n ing and po re f i l l i ng , a lso did not contr ibute much to 
reduction of porosity because of t h e i r low percentage. 
On the contrary porel in ing clays seem to be advantageous 
t o the porosity as they have successfully inhibi ted the 
quartz overgrowths. Samples that are peirvasively cemented 
by c a l c i t e and iron oxide cement show no sign of develop-
ment of secondary porosi ty due to d i s so lu t ion and leaching. 
This may be ascribed to acidic so lu t ions not finding access-
i b l e pathway to dissolve the cements and fe ldspars . 
Minus-cement porosi ty was also ca lcu la ted to v isua-
l i s e the r e l a t i v e ro les of cements and compaction in redu-
cing deposi t ional poros i ty . Minus-cement porosi ty is defined 
as volume percentages of ex is t ing porosi ty plus cements 
(porosi ty a f t e r removing cements) (Rosenfled, 19 49). I t 
por t rays the fabric at the beginning of cementation. At 
the depos i t ional surface well sorted sand has approximately 
40 percent porosity (Houseknecht, 1987). During bur ia l 
d iagenesis porosity i s reduced by mechanical compaction, 
in te rgranula r pressure so lu t ion (chemical compaction) and 
cementation. F i r s t two processes i r r eve r s ib ly reduce the 
in te rgranular pore volume of sand. In con t ras t to these 
two porosi ty reducing processes re la ted to pressure , cemen-
t a t i o n occlude pore spaces, but does not reduce in t e rg ra -
83 
nular pore volume. Moreover the bes t porosity i s preserved 
in samples that have undergone the l e a s t in te rgranular 
p re ss ur e so lu t i on . 
In the studied sandstones minus-cement porosity 
shows a somewhat regular d i s t r i b u t i o n . Samples show ; v a r i a -
t i on in minus-cement porosity from 23.80 percent to 40.44 
percent averaging around 32 percent . A comparison of above 
values of minus-cement porosity with the assumed or ig ina l 
poros i ty of 40 percent suggests t h a t compaction did play 
a ro l e in porosity reduct ion. This i s supported by the 
presence of long contacts and other compactional parameters. 
Since there i s no evidence of pressure so lu t ion , i t appears 
t h a t whatever compaction has taken place is the r e su l t 
of grain ro ta t ion and readjustment. Variat ion in ex i s t i ng 
poros i ty i s mainly affected by cementation and decementa-
t i o n . Only sandstones t ha t had an ear ly cementation with-
stood the vigour of compaction. 
Effect of Texture and Detrital Mineral Composition on 
Porosity 
There are various parameters tha t are r e l a t ed to 
tex ture and d e t r i t a l mineral composition that effect primary 
depos i t ional porosity and i t s fate during d iagenet ic evolu-
t i on . Notable of these are mean s i ze , so r t ing , grain shape, 
packing, amount of d e t r i t a l quartz and presence or absence 
of d e t r i t a l matrix. Scherer (1987) has classed these para-
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meters in to f i r s t and second order parameters: former ones 
include age (time of b u r i a l ) , d e t r i t a l quartz content, 
maximum depth of bu r i a l and sor t ing; and l a t e r ones include 
geo thermal gradient and median grain s i z e . Inves t iga t ions 
of Beard and Weyl (197 3) on the influence of t ex tu re on 
the porosity of unconsolidated sand both under wet and 
dry conditions demonstrated that porosity of a r t i f i c i a l l y 
packed na tura l sand i s independent of grain size for the 
sand of same sor t ing values , but porosi ty var ies with sor-
t ing . They have worked out that wet packed poros i ty of 
eight g ra ins ize subclasses of s ix sor t ing groups ranges 
from 42.4 percent for extremely we 11 sorted sand to 27.9 
percent for very poorly sorted sand. They also concluded 
t h a t the probable ef fec t of low spher ic i ty (grain shape) 
and high angular i ty (grain roundness) i s to increase poro-
s i t y and permeability of unconsolidated sand. Packing 
pa t te rn also have a profound effect on poros i ty . Packing 
pa t te rn and i t s bearing on poros i ty was very well i l l u s t r a -
ted by using idea l i sed spheres. If packed cubical ly , spiieres 
of equal size would have porosity of about 48 percent while 
in rhombohedral packing the porosity would be reduced to 
2 6 percent. Natural sands which depart from sphere in many 
ways, and owing to v a r i t i o n in s ize of grains and the i r 
angular i ty , the porosity values vary in between the porosity 
values of above packing fashions (Graton and Fraser , 1 935 ). 
Atkins and McBride (1992) made a deta i led ana lys is of beach, 
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f luv ia l and aeolian sands to determine the changes in poro-
s i t y and packing as they undergo shallow b u r i a l . They 
concluded that va r i a t ion in packing and porosi ty are a 
function of so r t i ng , grain shape and deposi t ional process 
and found that in the recently deposited sand shallow burial 
upto T7 meter does not effect poros i ty . 
De t r i t a l mineral composition too e f fec t s porosity 
and i t s evolution through t ime. These are re la ted to physi-
cal compaction. Quartzose sands with very l i t t l e or no 
l i t h i c fragments would loose porosity by physical compaction 
alone un t i l a l imit ing porosi ty of approximately 26 percent 
i s reached (Fuchtbauer, 1967). Amount and nature of l i t h i c 
fragments in a sandstone exer t an important control on 
poros i ty loss due to compaction. Generally sedimentary 
l i t h i c s are more d u c t i l e than metamorphic or igneous rock 
fragments. Mineralogy of the l i t h i c fragments exe r t s f i r s t 
Order control over d u c t i l i t y , which can be estimated by 
the r a t i o of soft (clay and mica) to hard (quartz and fe ld-
spar ) minerals; Mineral heterogenity within a sandstone 
r e s u l t s in i r r egu la r d i s t r i b u t i o n of porosi ty because of 
the fact that c lus te r of hard grains c rea te she l t e r porosity 
whereas c lu s t e r of l i t h i c grains lead to extensive loss 
of porosity (Pittman and Larese, 19 91). Presence of d e t r i t a l 
-matrix which occludes porespaces has a d i rec t bearing on 
poros i ty . 
The exis t ing porosity of the sandstones of the 
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jaisalmer Formation is the r e s u l t of various sedimentary 
var iables and processes that operated upon the sandstones 
since the beginnlngof i t s sedmentary cyc le . Thus attempts 
were made to see the effect of various t e x t u r a l , mineralogi-
cal and compaction parameters on the evolut ion of poros i ty . 
Bi va r ian t p lo t s of minus-cement porosi ty versus 
mean size and sor t ing show cor re l a t ion coef f ic ien t (r) 
values of 0.16 and -0.2 6 respect ively (Fig.2 5A,B). This 
shows tha t minus —cement porosity increases alongwith a 
decrease in mean size although the two va r i ab le s show a 
very weak i n t e r r e l a t i o n s h i p . Sorting shows negative though 
weak re la t ionsh ip with minus-cement poros i ty , implying 
t h a t as sor t ing improves minus-cement porosi ty inc reases . 
Thus, t ex tu ra l parameters, such as mean s ize and sor t ing 
do show a cor re la t ion with minus-cement porosity implying 
t h a t compaction was not strong enough to o b l i t e r a t e the 
control of t ex ture on poros i ty . 
Two mi ne ra lo gi ca 1 e n t i t i e s , quartz which include 
both mono- and po ly -c rys ta l l ine v a r i e t i e s and rock fragments 
which include s c h i s t s , p h y l l i t e s and si I t stone were taken 
in to considerat ion to see interdependence with minus-cement 
porosi ty (Fig.2 5D,E). Quartz versus minus-cement porosi ty 
shows f a i r l y good r e l a t ionlship (r=0.48) i . e . minus-cement 
poros i ty increases with increase in d e t r i t a l quartz percen-
tage . With rock fragments, minus-cement porosity shows 
good i n t e r r e l a t i o n s h i p {r=-0.71). This means that in the 
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studied sandstones when percentages of rock fragments 
increase , minus-cement porosity decreases . This a l so con-
firms t h a t quartz r e s i s t e d compaction and t r i ed to re ta in 
depos i t ional porosity whereas l i t h i c rock fragments were 
compacted more r e su t l ing in c loser packing. As compared 
t o tex tura l parameters, mineralogical parameters shcM good 
r e l a t i o n s h i p with minus-cement poros i ty . 
Two compaction parameters were a l so p lo t ted against 
minus-cement poros i ty . Contact index and packing densi ty 
both show negative and meaningful r e l a t i o n s h i p with the 
minus-cement porosity (Fig.25C,F). The co r re l a t ion coef f i -
c ient values of the two p lo t s are -0.55 and -0.7 1 respect-
ive ly . I t can be concluded that as number of contacts per 
grain (CI), hence the packing density increases , the minus-
cement porosity values decrease. 
CHAPTER IV 
PETROFACIES AND PROVENANCE 
The term ' p e t r o f a c i e s ' i n t r o d u c e d by D i c k i n s o n (1972) 
i s g e n e r a l l y used i n s e d i m e n t a r y l i t e r a t u r e t o imply s a n d -
s t o n e c o m p o s i t i o n and i t s t e c t on o - p r o v e n a n c e s i g n i f i c a n c e . 
The te rm p r o v e n a n c e i s d e r i v e d from t h e F rench word 
" p r o v e n i r " which means ' t o o r i g i n a t e ' o r ' t o come f o r t h ' . 
The te rm h a s been used in s e d i m e n t o l o g y t o encompass and 
v i s u a l i s e t h e f a c t o r s r e l a t e d t o p r o d u c t i o n of d e t r i t u s . 
The n a t u r e ( r o c k t y p e s and c o m p o s i t i o n ) and c h a r a c t e r 
( t e c t o n i c and c l i m a t i c s e t t i n g ) of p r o v e n a n c e t e r r a i n can 
be a s c e r t a i n e d from t h e s t u d y of sand d e p o s i t i t s e l f . The 
a s s e m b l a g e of d e t r i t a l m i n e r a l s i s d e t e r m i n e d by t h e n a t u r e 
o f p a r e n t r o c k s , b u t t h e c o m p o s i t i o n of t h e sand i s n o t 
u s u a l l y t h e same a s of s o u r c e r o c k s ^ The d e t r i t u s shed 
from p r o v e n a n c e goes t h r o u g h g e o l o g i c a l " f i l t e r " which 
m o d i f i e s t h e g r a i n a t t r i b u t e s and o v e r a l l c o m p o s i t i o n of 
g r u s . 
S a n d s t o n e c o m p o s i t i o n h a s long been used t o i n f e r 
t h e c o m p o s i t i o n of e roded s o u r c e rock and t e c t o n i s m 
( K r y n i n e , 1 9 4 3 ; F o l k , 1980; P e t t i j o h n , e t a l , 19 8 7 ) . I t 
i s now wide ly r e c o g n i s e d t h a t t h e g l o b a l d i s t r i b u t i o n of 
r o c k t y p e s in g e n e r a l i s c o n t r o l l e d by p l a t e . t e c t o n i c s . 
A p p l i c a t i o n of p l a t e t e c t o n i c t h e o r y t o s e d i m e n t a r y r o c k s 
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and s e d i m e n t s l e ad t o an i m p o r t a n t f i n d i n g t h a t s a n d s t o n e 
c o m p o s i t i o n c o u l d be used t o i n f e r t h e t e c t o n i c s e t t i n g 
o f a n c i e n t s e d i m e n t a r y d e p o s i t o r i e s and t h e i r p r o v e n a n c e s 
( D o t t , 1978; D i c k i n s o n and Suczek , 1979 , D i c k i n s o n , 1 9 8 5 ) . 
The c o r r e l a t i o n be tween t e c t o n i c s e t t i n g and s a n d s t o n e 
ccxnpos i t ion i s however f a r from p e r f e c t , i m p l y i n g a d d i t i o n a l 
c o n t r o l s on s a n d s t o n e c o m p o s i t i o n . The re a r e t e m p o r a l 
c h a n g e s in t e c t o n i c r e g i m e , geomorphic c o n t r o l ( r e l i e f ) , 
c l i m a t i c f a c t o r s , t r a n s p o r t a t i o n mechanism and d u r a t i o n , 
d e p o s i t i o n a l mechanism and d i a g e n e s i s which may r e s u l t 
i n e l i m i n a t i o n a n d / o r e n r i c h m e n t of p a r t i c u l a r m i n e r a l 
s u i t e (Mack, 19 84 ; Basu , 1 9 8 5 ) . T.o d e c i p h e r p r o v e n a n c e 
one shou ld have t o t a k e i n t o a c c o u n t a l l above f a c t o r s 
and t h e i r d i l i g e n t i n t e g r a t i o n w i t h l o g i c a l and c r i t i c a l 
a p p r a i s a l of t h e f i n d i n g s . 
In t h i s s t u d y model g i v e n by D i c k i n s o n (1 985) f o r 
i n t e r p r e t a t i o n of p r o v e n a n c e t y p e i n t h e l i g h t of p l a t e 
t e c t o n i c s i s u s e d . Around t h r e e h u n d r e d g r a i n p o i n t s were 
c o u n t e d in each t h i n s e c t i o n f o r d e t e r m i n i n g modal compo-
s i t i o n . Gr id s p a c i n g s were u s e d , w i t h a maximised c o v e r a g e 
o f t h i n s e c t i o n . S p a c i n g s were l a r g e r t h a n t h e a v e r a g e 
mean s i z e . Data g e n e r a t e d were t h e n g rouped i n t o d i f f e r e n t 
o p e r a t i o n a l c a t e g o r i e s ( g r a i n modes) as p e r t h e fo rmat 
d e s i r e d in t h e model u s e d . 
GRAIN MODES 
A l a r g e number of m i n e r a l s of d i f f e r e n t c o m p o s i t i o n 
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a re known from d i f f e r e n t r o c k s . Any of t h e s e minera l s can 
be p r e s e n t in a sands tone but t h e r e a r e some minera l e n t i -
t i e s which a r e common and abundant in s a n d s t o n e s . An e f f e c -
t i v e and meaningful r e g i o n a l and g loba l comparison of 
sands tone composit ion a r e a ided by c l a s s i f y i n g g r a i n s i n t o 
few o p e r a t i o n a l c a t e g o r i e s . Following g r a i n types or 
d e t r i t a l modes as recommended by Dickinson (1985) were 
employed in t h i s s tudy: 
A Quartzose Grains {Qt=Qm+Qp) 
Qt = t o t a l q u a r t z o s e g r a i n s 
Qm = monocry s t a l l i n e q u a r t z (>0.62 5 mm) 
Qp = polycry s t a l l i n e q u a r t z ( or chalcedony) 
B Fe ldspar Gra ins (F=P+K) 
F = t o t a l f e ldspa r g r a i n s 
P = p l a g i o c l a s e g r a i n s 
K = k-f e lds par g r a i n s 
C Unstable L i t h i c Fragments (L=Lv+Ls) 
L = t o t a l uns t ab l e l i t h i c fragments 
Lv= v o l c a n i c / m e t a v o l c a n i c l i t h i c fragments 
Ls= sed imentary /metased imentary l i t h i c fragments 
D To ta l L i t h i c Fragments (Lt=L+Qp) 
Lc= e x t r a b a s i n a l d e t r i t a l lime c l a s t s 
(no t i nc luded in L o r Lt ) 
92 
The d e t r i t a l modes r ecogn i sed in the J a i s a l m e r sand-
s t o n e s a r e shown in t a b l e 10 and b r i e f l y d e s c r i b e d as 
fol lows . 
Quartzose Grains 
Qm 
Monocrys ta l l ine quar tz i s a s i n g l e g r a i n l a r g e r 
t han 0.625 mm or 4.0 (|). I t i nc ludes p l u t o n i c , vo lcan ic 
and vein quar tz of Folk (1980) . I t may a l s o i nc lude 
q u a r t z g r a i n l i b e r a t e d from composite g r a i n u n i t i . e . fran 
gne i s sose and s c h i s t o s e rock but now p r e s e n t as u n i t a r y 
g ra i n . 
In the s t ud i ed s a n d s t o n e s , p e r c e n t a g e s of monocry-
s t a l l i n e quar tz range from 76.0 5 to 88.94 and average 84.41 
p e r c e n t . 
QP 
Polycrys t a l l ine quar tz inc ludes a l l t hose g r a i n s 
t h a t c o n t a i n more than one quar tz g r a i n . I t i n c l u d e s r e -
c r y s t a l l i z e d and s t r e t c h e d metamorphic quar tz of Folk (1980) 
and c h e r t s i n c l u d i n g chalcedony. 
In the s tud i ed sands tones pe rcen t ages of p o l y c r y s -
t a l l i n e quar tz vary in between 3.50 to 13.18 p e r c e n t , 
a ve ra gi ng 7.19 pe re en t . 
Fe ldspa r s 
Fe ld spa r s give impor tan t c lue to t h e provenance 
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re la ted s tudies by way of t h e i r chemical composition, and 
s t r u c t u r a l s t a t e but one has to take care during point 
counting that authigenic fe ldspars spec ia l ly a l b i t e are 
recognised and not counted with fe ldspars . Moreover, a l t e r ed 
feldspars and los t proportion of fe ldspars should be 
"res tored" and counted as d e t r i t a l p o i n t s . 
Overall percentages of -feldspars (F ) in the Jaisalmer 
sandstones vary in between 2.55 to 8.59 percent averaging 
5.8 9 percent. 
Following two types of subvar ie t i e s of fe ldspars 
were recognised as per the requirement of provenance 
i nt er pr et at io n. 
I t denotes p lagioclase which can be i den t i f i ed by 
i t s twinyung pa t te rn and i t s i n a b i l i t y to take s t a i n by 
Sodium cobalt i-Ni t r a t e . PlSigioclase comprises on an average 
0.2 3 percent of the t o t a l d e t r i t a l components of the sand-
s tones . 
K 
I t includes a l l potass ic v a r i e t i e s of fe ldspars 
i . e . or thoclase and microcline with p e r t h i t e s . K-feldspar 
gra ins average 5.66 percent of the t o t a l d e t r i t a l g ra ins . 
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Unstable Lithic fragments 
Unstable l i t h i c fragments are ident i f ied by obser-
ving gross mineralogy, in te rna l t ex ture and f ab r i c . 
Lv 
These are fragments of volcanic rocks which typ ica l ly 
display m i c r o l i t i c , microgranular f e l s i t i c or v i t r i c t ex tu re 
and are r i ch in feldspars and/or mafic minerals . Metamorphic 
counterpar ts of these rocks may be f o l i a t e d . In the ; s tudied 
sandstones no volcanic rock fragment was found. 
Ls 
I t includes mainly s i l t s t o n e , massive crypotoc.ry-
s t a l l i n e argi l laceous g ra in s , ph yl lo si l i ca t e - r ic h shaly 
or s l a ty g ra ins , p h y l l i t e s and sch i s t s e t c . 
In the studied samples appreciable amounts of 
sedimentary and metasedimentary l i t h i c fragments were found 
t o be present which include s c h i s t , p h y l l i t e , s i l t s t o n e 
and occasional shale c l a s t s . Overall percentages of unstable 
l i t h i c fragments (L ) which include here only Ls^ range from 
0.8 0 to 4.41 percent , averaging 2.51 percent . 
Total Li th ic Fragments 
Lt 
I t includes unstable l i t h i c fragments and polycrys-
t a l l i n e quar tz . In the studied sandstones i t s percentages 
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range i n be tween 5.25 t o 1 5 . 8 2 p e r c e n t and a v e r a g e 9.70 p e r c e n t . 
Lc 
E x t r a b a s i n a l c l a s t s of l i m e s t o n e s may a l s o o c c u r 
i n s a n d s t o n e s b u t such c l a s t s a r e a b s e n t i n t h e s t u d i e d 
s a n d s t o n e s . . 
GRAIN MODE - SIZE RELATIONSHIP 
In o r d e r t o s t u d y t h e c o n t r o l of s i z e on d e t r i t a l 
m i n e r a l o g y b i v a r i a n t p l o t s of mean s i z e v e r s u s p e r c e n t a g e s 
of v a r i o u s d e t r i t a l modes were c o n s t r u c t e d and t h e i r c o r r e -
l a t i o n c o e f f i c i e n t s were c a l c u l a t e d . 
M o n o c r y s t a l l i n e q u a r t z (Qm) shows a weak r e l a t i o n s h i p 
w i t h t h e mean s i z e ( r = 0 . 1 8 ) { F i g . 2 6 A ) . The Qm v e r s u s Mz 
p l o t i n d i c a t e s t h a t p e r c e n t a g e s of m o n o c r y s t a l l i n e q u a r t z 
i n c r e a s e w i th d e c r e a s e i n g r a i n s i z e . 
Poly c r y s t a l l i n e q u a r t z (Qp) a l s o shows a weak c o r r e -
l a t i o n w i t h mean s i z e ( r = - 0 . 1 9 ) b u t a s compared t o Qm t h e 
r e l a t i o n s h i p i s i n v e r s e , i . e . p e r c e n t a g e s of Qp i n c r e a s e 
a s g r a i n s i z e i n c r e a s e s ( F i g . 2 6B). 
The i m p l i c a t i o n s of r e s u l t s o b t a i n e d from Qm v e r s u s 
Mz and Qp v e r s u s Mz p l o t s a r e o b v i o u s . With d e c r e a s i n g 
g r a i n s i z e Qp w i l l b r e a k u p i n t o i n d i v i d u a l s and t h u s a 
f i n e g r a i n e d q u a r t z g r a i n would g e n e r a l l y r e p r e s e n t a Qm 
g ra i n . 
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F e l d s p a r s (F) and t o t a l l i t h i c f r a g m e n t s ( L t ) show 
weak r e l a t i o n s h i p w i t h mean s i z e w i t h c o r r e l a t i o n c o e f f i -
c i e n t v a l u e s of 0 .2 4 and - 0 . 1 6 r e s p e c t i v e l y ( F i g . 2 6C,D) . 
F e l d s p a r h a s some what more s t a t i s t i c a l l y s i g n i f i c a n t v a l u e 
a s compared t o l i t h i c f r a g m e n t s . F e l d s p a r v e r s u s s i z e p l o t 
shows t h a t f e l d s p a r s i n c r e a s e s as g r a i n s i z e of s e d i m e n t 
d e c r e a s e s w h i l e t h e o t h e r p l o t d e m o n s t r a t e s an i n c r e a s e 
i n l i t h i c f r a g m e n t s w i t h i n c r e a s e i n g r a i n s i z e of t h e 
s a n d s t o n e s . The rock f ragment v e r s u s Mz p l o t r e f l e c t s d e g r e e 
of a b r a s i o n . With g r e a t e r a b r a s i o n and d e c r e a s i n g Mz, r o c k 
f r a g m e n t s would be e l i m i n a t e d . 
PROVENANCE 
D i c k i n s o n (1985) d e f i n e d fou r main c l a s s e s of p r o -
v e n a n c e : c o n t i n e n t a l b l o c k s , basement u p l i f t s , magmatic 
a r c s and r e c y c l e d o r o g e n s - each of t h e s e a r e f u r t h e r d i v i -
ded i n t o subp rove 'V tances . The a n a l y s i s was c a r r i e d o u t 
on s u i t e s / s e t s of s a n d s t o n e s s a m p l e s of d i f f e r e n t l o c a l i t i e s 
i n which m i n e r a l c o m p o s i t i o n i s d e t e r m i n e d by p o i n t c o u n t i n g 
and p l o t t e d on t h e c o n v e n t i o n a l c o m p o s i t i o n a l t r i a n g l e s . 
The i n t e r p r e t a t i o n i s d e p e n d e n t on t h e p l o t t e d p o i n t s 
fo rming a w e l l d e f i n e d c l u s t e r . I n d i v i d u a l s a m p l e s may 
p l o t o u t s i d e of t h e f i e l d s drawn w i t h i n t r i a n g l e r e f l e c t i n g 
t h e g r a d a t i o n a l and o v e r l a p p i n g f i e l d b o u n d a r i e s . Compo-
s i t i o n a l f i e l d s ba sed on d e t r i t a l modes a r e c h a r a c t e r i s t i c s 
o f d i f f e r e n t p r o v e n a n c e s , e a c h w i t h i t s t y p i c a l t e c t o n i c 
r e g i m e . The i m p o r t a n t t r i a n g u l a r d i a g r a m s a r e Q t - F - L , 
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Qm-F-Lt, Qp-Lv-Ls, and Qm-P-K. Qt-F-L t r i a d emphasises 
evolutionary stage and maturity of the sandstones while 
Qm-F-Lt t r i angula r diagram places emphasis on source rock 
and i t e f fec t ive ly separates quar tz - r i ch cr atonic sandstone 
from l i t h i c - r i c h sandstone of co l l i s i on margins. The other 
two t r i a d s are Qp-Lv-Ls and Qm-P-K; the former one is used 
t o discriminate composite grains and l a t e r one to d i s c r i -
minate volcanic and plutonic provenances. Following are 
the important te ct on o-pr ov en an ce s and t h e i r important - •; 
compositional aspects of der iva t ive sands recognised by 
Dickinson (1 985) : 
Stable Craton 
" The provenances cons is t of old low-lying g ran i t i c 
and gne i ss ic exposures and associated f l a t lying platform 
sediments. Sands produced in th i s zone may accumulate in 
i nt ra cr at on ic basins or may get t ransported to per ipheral 
ocean basins i . e . to passive cont inenta l margins. Resultant 
sandstones may include quartz a r e n i t e s , subarkose e t c . 
given the ideal condi t ions . Fault - bounded basins in 
cont inenta l basement have subarkosic and arkosic sandstones. 
Resultant sediments are character ized by high r a t i o s of 
mono- to poly-crys ta l l ine quartz and potash feldspar to 
p l ag ioc la se . 
Climate if t r o p i c a l or humid may i n f l i c t s ign i f i can t 
e f fec t aided by low re l i e f on composition of d e t r i t u s . 
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Care must be taken in evaluat ion of combined effect of 
climate and r e l i e f . Moreover, i t i s important to include 
and appreciate the chances of reworking of the sands. 
Basonent Uplifts 
Fault-bounded horsts and grabens along ear ly r i f t 
be l t s and transform ruptures within cont inenta l blocks 
shed arkosic sands which are t ex tu ra l ly and mineralogical ly 
immature. These sands may be deposited with l i t t l e t r anspor t 
i n to th.e adjacent grabens and l inear troughs. Similar 
d e t r i t u s can be derived from basement u p l i f t s within broken 
foreland basins and from eroded plutons in deeply d issec ted 
magma t i c a r c s . General composition of the derived sand 
may be as quartz 40-4 5 percent, potash fe ldspars 35-40 
percent and l i t h i c fragments upto 10 percent . These values 
hold good only in the areas of a r id to semiarid cl imate. 
In the same tec tonic environment with humid, t r op i ca l 
climate intense weathering ra i ses the proportion of quartz 
r e l a t i v e to fe ldspars . In general quart zo-f elds pa th ic sands 
from basement u p l i f t s show low Lt , with Qm/F and K/P r a t i o s 
s imi lar to bed or source rocks. 
Magma t i c Arcs 
Magmatic and volcanic arcs are associated with 
ac t ive p la te margins i . e . convergent p la t e se t t ings where 
ac t ive subduetion of ocean p l a t e takes place . Volcanlc las t ic 
s u i t e s of sands are produced which are r ich in p lagioclase 
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feldspar, l i t h i c volcanics . Deep d i s sec t ion of arc su i te 
r e s u l t s in exposure of ba tho l i ths or plutonic roots giving 
r i s e to more mature quar tzo-fe ldspath ic sands. Mature 
d e t r i t u s can also be found in the basins where some f luv ia l 
systems get developed. Some-times s t r ik ing s i m i l a r i t y may 
be observed in the sands produced by magmatic arc d issec t ion 
and basement u p l i f t s . High Lv/Lt r a t i o , low quartz and 
high P/K r a t i o s are typ ica l of these provenances. Arc 
derived sands are deposited in forearc, i n t r a a r c , back 
a r c , trenches and abyssal p lanes . 
Recycled Orogens 
Orogenic phases occur in several t e c ton i c se t t ings 
where older sedimentary rocks are deformed and up l i f t ed . 
These s e t t i ngs are typ ica l of co l l i s i on boundaries charac-
te r ized by t ec ton ica l ly upl if ted subdue t i on complexes, 
up l i f ted foreland fo ld- th rus t b e l t s , recumbent i soc l i ne s , 
sutured b e l t s e t c . Sands may be deposited into foreland 
bas ins , forearc bas ins , nearby remTiaiit ocean basins e t c . 
In younger stage of recycled orogen, young major r i ve r 
system could come into existence and may t ranspor t sands 
across the surface of adjacent cont inenta l blocks and 
deposit i t s load in to d i s t a n t basins with d i f f e ren t tectonic 
s e t t i n g s . Recycled orogen may shed diverse array of sedi -
ments, so i t is very important to recognise t rue s e t t i n g 
of the source area and i t s l i thology. Sands may show a f f i -
n i t y to the sands derived from cratonic basements. Li thic 
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fragments may include cher t , metachert, shale, s l a t e , 
pliiLite and sch i s t s e t c . Low content of fe ldspars and 
volcanic rock fragments with percentage of Qp approaching 
thcctof Ls are the cha rac te r s t i c s of t h i s provenance. Oli/QP 
r a t i o may be l i t t l e low to tha t of sands fron cratonic 
blocks. 
Provenance of the Jaisalmer Sandstones 
The detrital modes of the studied sandstones of 
the Jaisalmer Formation plc5lted on Qt-F-L diagram show tha t 
they are camposed of sands derived from very mature s tab le 
c ra ton ic blocks (Fig.27A). Most of the samples plot near 
Qt pole into the f ie ld of craton i n t e r i o r provenance barr ing 
few samples which plot j u s t on the boundary of s table craton 
and recycled orogen provenances. This sh i f t is due to the 
increase in abundance of l i t h i c s . Qm/Qp r a t i o vary in 
between 5.7.8 to 25.2 0 with an average of 13.10. K/P r a t i o 
i s very high and there are some samples which are devoid 
of plagioclase (Table-1 0) . Average K/P r a t i o is around 
24.60. 
On the (Jn-F-Lt t r iangular diagram majority of the 
samples plot in cratonic block provenance followed by the 
c lus t e r of samples p lo t ted in the t r a n s i t i o n zone between 
the cratonic block and recycled orogen provenances. Few 
samples also plot in recycled orogen provenance. This shows 
r e l a t i v e importance of polycrysta 11 ine quartz in the studied 
sandstones. Presence of both Qp (average 7.19%) and Ls 
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CONTINENTAL BLOCK 
PROVENANCES WITH 
SOURCES ON STABLE 
CRATONS (C) AND IN 
UPLIFTED BASEMENTS 
(B) 
Decreasing Maturity 
Or Stability 
RECYCLED 
OROGEN 
PROVENANCES 
Increasing Ratio Of 
Oceanic To 
Cont'mentol Material 
CONTINENTAL 
BLOCK PROVENANCES 
Merger Of Fields 
For Mature Rocks 
With Stable Frameworks 
RECYCLED 
OROGEN PROVENANCES 
Increasing Ratio Of 
Chert To Quartz 
Merger 
Of Fields For 
Plutonic 
Basement 
And Arc 
Roots 
Fig. 27 : Plots of detrltal modes of the Jalsalmer 
sandstones on standard Qt-F-L and Qm-F-Lt 
triangular diagrams of Dickinson (1985). 
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(2.51%) in a p p r e c i a b l e amounts s u g g e s t s t h a t m e t a s e d i m e n t a r y 
r o c k s were p r e s e n t in t h e s o u r c e a r e a . A b r a s i o n and e l i m i n a -
t i o n of u n s t a b l e me ta se d i me n t a r y l i t h i c s a t a f a s t e r r a t e 
t h a n t h a t of t h e p o l y c r y s t a l l i n e q u a r t z r e s u l t e d in h i g h e r 
p e r c e n t a g e of t h e l a t t e r . The p r e s e n c e of ma ta s e d i m e n t a r y 
r o c k s i n t h e s o u r c e a r e a s u g g e s t s t h a t e r o s i o n was n o t 
s u f f i c i e n t enough t o c o m p l e t e l y remove t h e c o v e r r o c k s 
from t h e b a s e m e n t . 
FACTORS INFLUENCING COMPOSITION OF SAND 
The r e l a t i o n s h i p be tween s a n d s t o n e c o m p o s i t i o n and 
p l a t e t e c t o n i c s has been t h e s u b j e c t of i n t e n s i v e r e s e a r c h 
and d i s c u s s i o n ove r t h e p a s t d e c a d e . I m p o r t a n t r e s e a r c h 
p a p e r s by D i c k i n s o n and Suczek ( 1 9 7 9 ) , I n g e r s o l l and Suczek 
( 1 9 7 9 ) , V a l l o n i and Mezzardi ( 1 9 8 4 ) , D i c k i n s o n ( 1 9 8 5 ) , 
V a l l o n i (1985) and o t h e r s have c o n t r i b u t e d t o ou r a b i l i t y 
t o p r e d i c t t h e t e c t o n i c s e t t i n g of s o u r c e t e r r a i n from 
framework c o m p o s i t i o n a l modes . L i m i t a t i o n of t h i s a p p r a o c h 
s t ems o u t from t h e p rob lems such as t h e t e m p o r a l c h a n g e 
i n t h e t e c t o n i c s e t t i n g (Mack, 1984; D o r s e y , 19 8 8 ) , compo-
s i t i o n a l v a r i a t i o n r e l a t e d t o t r a n s p o r t p r o c e s s e s and b a s i n 
g e o m e t r y ( L u c c i , 1985 ; V e l b e l , 1 9 8 5 ) , c l i m a t e ( S u t t n e r , 
1974; Mack, 1984; Basu , 1985 ; Grantham e t a l , 19 8 8 ; G i r t y 
1991^ Akhta r and Ahmad, 1991) and d i a g e n e s i s which can 
i n f l i c t major c h a n g e s a f t e r d e p o s i t i o n of sand (McBride^ 
1985 , 1 9 8 7 ) . A l l t h e above m e n t i o n e d f a c t o r s a r e now w e l l 
u n d e r s t o o d and can c a u s e major e f f e c t on t h e c o m p o s i t i o n 
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of a sandstone. These fac tors were • therefore taken in to 
account while unravel l ing the pe t rofac ies evolution of 
the Jaisalmer sandstones. 
Tectonism 
Tectonism produces changes in e levat ion ( r e l i e f ) 
of sediment source area and thus e f fec ts r a t e s of erosion 
and pedogenesis. Relief i s an important factor because 
i t determines the po ten t i a l energy avai lab le for the t r ans -
por t of- debr is to the base level and general ly determines 
the length of time for source mater ia ls to remain in the 
zone of weathering. Low-relief sources, regard less of r a in -
f a l l , y ie ld small amount of sediment and if the low re l i e f 
sources have high r a i n f a l l , sands derived from i t will 
be mature. Temporal change in tec tonic regime wil l cause 
the composition of sand d i f fe r ing through t ime. Mack (1984) 
concluded that as p la te i n t e r ac t ion change through time 
the rocks cropping out on ear th surface acting as source 
rock, wi l l also change. If a pa r t i cu l a r t ec ton ic regime 
th r ives for a long geological time then the composition 
of terr igenous sand wi l l r e f l e c t the tec tonic se t t ing and 
i t s evolution through time as a secular va r i a t ion in i t s 
pe t ro fac i e s . However if p la te i n t e r ac t i on change through 
time then the sand produced in e a r l i e r tec tonic s e t t i ng 
may be present as source rock for terr igenous d e t r i t u s 
deposi t ing in an a l i en tec tonic environment. This will 
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r e s u l t in production of anomalous sands and hence sand-
s tones . Dorsey (1988) also reported same problem where 
sands were deposited in a forearc basin that subsided 
rapidly and evolved into a c o l l i s i o n basin from an i n t r a -
oceanic arc system. This change in tec tonic regime is 
ref lec ted as a change in sandstone rich in zoned plagioclase 
t o sandstone rich in metasedimentary l i t h i c s with moderate 
quartz and minor fe ldspars . 
The Ja is aimer sandstones plot in cr atonic block 
and in recycled orogen provenances and also in the t r a n s i -
t i on zone between these two provenances. There are several 
impl icat ions of t h i s , for example, the sandstones of J a i s a l -
mer Formation may represent a mixture of two or more prove-
nances, or rapid change in p l a t e i n t e r ac t i on or p l a t e 
t ec ton ic s e t t i ng not yet represented in standard provenance 
diagram given by Dickinson (1985). Several f ac to rs , most 
importantly c l imate , probably effected the d e t r i t a l composi-
t ion of the Jaisalmer sandstones. These have been discussed 
l a t e r in t h i s chapter under the heading 'Pet rofacies 
Evolution ' . 
Transport, Basin Dynamics and Setting 
Transport is the c ruc ia l link between source and 
depos i t ional area of the sand. Most of the sands under-
go a t l e a s t one phase of f luv ia l t r anspor t a t ion . The time 
elapsed between p a r t i c l e production and f ina l emplacement 
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can be short or long; the pathway s t r a igh t or tortuous 
with or without temporary s torage. All th i s w i l l r e su l t 
in a t t r i t i o n , d i f f e r e n t i a l abrasion, sor t ing by s i z e , shape 
and density r e su l t ing in enrichment of p a r t i c u l a r mineral 
s ui t e . 
Avai labi l i ty of sediment to the basin depends upon 
three main fac tors : r a t e of erosion of land area, extent 
and slope of drainage bas in , presence and pers i s tence of 
physical ba r r i e r s (temporary s to rage) . So in normal condi-
t i on optimum supply of the sands to basin especia l ly marine 
w i l l r e su l t in reworking of the sands thus producing 
t e x t u r a l l y and mi nera log ica l ly mature sands. This i s in 
con t ras t to t"he starved and overfed basins which will cause 
the mineral d i spersa l as per the energy condition of basin 
and densi ty of mineral phase as wel l . Sea level f luc tua t ion , 
regress ion and t ransgress ion , e u s t a t i c sea level changes 
a l l w i l l effect mineral composition of sands d i r ec t l y or 
i n d i r e c t l y . 
The sandstones of Jaisalmer Formation interbedded 
with marine limestones were deposited in a shallow marine 
environment (Akhtar and Aquil, 1986). The t ex tu ra l and 
mineralogical maturity of the sandstones may be a t t r i b u t e d 
t o reworking of sands. Presence of appreciable amount of 
feldspars in the same s ize range as t h a t of quartz show 
t h a t there was not much breakdown during t r anspo r t a t i on . 
This view is a lso supported by the presence of rock 
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fragments of p h y l l i t e s , s ch i s t s and s i l t s t o n e s which are 
vulnerable to r igour of t r anspo r t . So i t can be assumed 
t h a t the t ranspor t mechanism was not very important agent 
in destroying the l ab i l e rock fragments. I t is generally 
believed that the Aravall i mountain ranges acted as a pro-
venance of the Jaisalmer sandstones. The Aravall i highland 
are located at l eas t three hundred ki lometers frcxn the study 
area and th i s much distance of t ranspor t fai led to comple-
t e l y el iminate e i ther the rock fragments or the feldspeirs. 
The sediments derived from the Aravall i highlands were 
transported to the Jaisalmer Basin which cons t i tu ted a 
passive continental margin. 
Climate 
At the s t a r t of sedimentary cycle sediment is pro-
duced fron the source rock by weathering and eros ion. 
Chemical and physical weathering processes operate s e l e c t -
ively to a l t e r the chemical and mineralogiccal composition 
of the source rock as i t is d i s i n t i grated in to mineral 
and rock fragment d e t r i t u s . Although the composition of 
bedrock is largely control led by p l a t e t e c ton i c s , the 
processes of a l t e r a t i o n of bed rock mater ial are determined 
primari ly by cl imate. Dry and cold climate hinders the 
chemical react ion r e su l t ing in a d e t r i t a l mineral assem-
blage comprising of s t ab l e , metastable and unstable nature 
in various proport ions depending upon the i r a v a i l a b i l i t y 
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i n s o u r c e r o c k . On t h e o t h e r hand warm, humid and t r o p i c a l 
c l i m a t e r e s u l t s in t h e p r o d u c t i o n of q u a r t z o s e m i n e r a l 
a s s e m b l a g e b e c a u s e of i n c r e a s e d c h e m i c a l w e a t h e r i n g and 
d e s t r u c t i o n of l a b i l e c o n s t i t u e n t s . Chemical w e a t h e r i n g 
w i l l become more e f f e c t i v e i f i t i s a i d e d by b i o c h e m i c a l 
r e a c t i o n s i n t h e a r e a s of h i g h v e g e t a t i o n or b i o n a s s . 
C l i m a t e i s i n d e p e n d e n t of t e c t o n i s m b u t r e l i e f which i s 
c a u s e d by t e c t o n i s m , i s a c o n t r o l l i n g f a c t o r even when 
c l i m a t i c c o n d i t i o n s a r e r i g o r o u s . Low a n g l e s l o p e s and 
c o n s e q u e n t long r e s i d e n c e t ime i n s o i l w i l l h e l p i n c l i m a t i c 
d e s t r u c t i o n t o t a k e p l a c e f u l l y . However h i l l s l o p e e x c e e -
d i n g t h e a n g l e of r e p o s e can o b s c u r e and b y p a s s t h e c l i m a -
t i c e f f e c t s on f i r s t c y c l e sand c o m p o s i t i o n (Basu , 1 9 8 5 ) . 
The s t u d i e d s a n d s t o n e s of t h e J a i s a l m e r F o r m a t i o n 
were d e p o s i t e d d u r i n g C a l l o v i a n t o O x f o r d i a n age (Middle 
J u r a s s i c ) . At t h a t t ime I n d i a was a p a r t of Gondwanaland 
and s i t u a t e d in t h e S o u t h e r n h e m i s p h e r e ( C h a t t e r j e e and 
H o t t o n , 1 9 8 6 ) . C o n t i n e n t a l r e c o n s t r u c t i o n f o r t h e Gond-
w a n a l a n d by C h a n d l e r e t a l (1992) f o r t h e Pi i e n s b a c h i a n 
age ( E a r l y J u r a s s i c ) p l a c e d I n d i a in be tween 30° - 45° 
l a t i t u d e in S o u t h e r n h e m i s p h e r e . Chand le r e t a l (1992) 
i n t h e i r s t u d i e s f o r p a l a e o d i m a t i c s i m u l a t i o n s have c o n c l u -
ded t h a t t h e c l i m a t i c p a t t e r n of J u r a s s i c age i s n o t compa-
r a b l e t o p r e s e n t day c l i m a t i c p a t t e r n s . They a l s o c o n c l u d e d 
t h a t Mesozoic c l i m a t e i n g e n e r a l and E a r l y J u r a s s i c i n 
p a r t i c u l a r were warmer and w e t t e r . T h e i r f i n d i n g s a r e 
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supported by presence of geological records of evaporites 
and peats and diverse f lora . Very l i t t l e or in fact no l i t e -
r a t u r e is present on the pa la eo cl imatic s tud ies of Jurass ic 
rocks of Rajasthan. However, pa laeocl imat ic s tud ies done 
on Gondwana rocks of India show tha t a warm, ar id or semi-
a r id climate with characterist ic f lora Dicroidium prevailed 
during the Tr iass ic part of the Gondwana sequence. In 
Jurass ic period a milder and humid cl imate prevai led as 
evidenced by luxur iant growth of ferns Cycadophytes e t c . 
(Bhalla, 19 83). I t seems that as Indian p la te moved towards 
equator climate became more humid and t r o p i c a l . Akhtar 
and Ahmad (19 91 ) also reported a t rop ica l climate for the 
Lower Cretaceous Nimar sandstones of the Narmada basin. 
Climate discrimination diagram based on log/ log 
p lo t of the r a t i o of t o t a l quartz to t o t a l feldspar plus 
rock fragments (Qt/F+Lt) agains t the r a t i o of t o t a l poly-
c r y s t a l l i n e quartz to t o t a l feldspar plus rock fragments 
(Qp/F+£t) given by Suttner and Datta (1986) was used here 
t o infer the pa la eo cl im at e for deposit ion of the Ja is aimer 
sandstones. All the samples of the Jaisalmer sandstones 
p lo t well within the humid climate f i e ld (F ig .28) . From 
the foregoing discussion i t i s reasonable to conclude t h a t 
warm and humid climate prevailed during the deposit ion 
of the Jaisalmer Formation. 
Dia gene s i s 
Sandstone composition is affected during l i t h i f i -
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Fig. 28 Climate discrimination diagram of the Jaisalmer 
sandstones based on 5uttner and Dutta (1986) 
(N = Number of samples and solid triangle 
denotes average of the samples). 
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c a t i o n due t o r e a c t i o n w i t h s u b s u r f a c e w a t e r s . D i a g e n e t i c 
p r o c e s s e s t h a t a l t e r t h e d e p o s i t i o n a l c o m p o s i t i o n of s a n d s 
mus t be c o n s i d e r e d when making p r o v e n a n c e i n t e r p r e t a t i o n . 
These modi fy ing p r o c e s s e s o p e r a t e from t h e zone of w e a t h e -
r i n g up to t h e d e e p s u b s u r f a c e c o n d i t i o n s . Compac t ion ai^so 
c a u s e s g r a i n d i s s o l u t i o n a t g r a i n c o n t a c t s r e s u l t i n g in 
t h e vo lume d e c r e a s e of m i n e r a l s . Some s o f t rock f r a g m e n t s 
can be mashed due t o c o m p a c t i o n g i v i n g r i s e t o ' p s e u d o 
m a t r i x ' and may h i n d e r p r o v e n a n c e d e t e r m i n a t i o n . 
The s t u d i e d s a n d s t o n e s do show some d i a g e n e t i c a l t e r -
a t i o n b u t t h e y a r e n o t volume t r i e a l l y i m p o r t a n t . F e l d s p a r s 
and r o c k f r a g m e n t s show d i a g e n e t i c m o d i f i c a t i o n r e s u l t i n g 
i n p r o d u c t i o n of s e c o n d a r y mi c r o p o r o s i t y . Rock f r a g m e n t s 
a r e a l s o q u a s h e d . I n some samples embayed and c o r r o d e d 
q u a r t z g r a i n s a r e a l s o p r e s e n t , s p e c i a l l y i n s a n d s t o n e s 
cemented by c a l c i t e . However a l l t h e s e d i a g e n e t i c m o d i f i -
c a t i o n s a r e on ly l o c a l l y d e v e l o p e d and were c o n s i d e r e d 
a t t h e t ime of p o i n t c o u n t i n g f o r t h e d e t r i t a l modes . 
PETROFACIES EVOLUTION OF JAISALMER SANDSTONES 
The s a n d s t o n e s of J a i s a l m e r F o r m a t i o n a r e main ly 
s u b a r k o s e and s u b o r d i n a t e s u b l i t h a r e n i t e s , and a r e n o t 
com p o s i t i o n a l l y h i g h l y m a t u r e . The s a n d s t o n e s a r e medium-
f i n e g r a i n e d , m o d e r a t e l y w e l l s o r t e d and subrounded t o 
s u b a n g u l a r . A l a r g e m a j o r i t y of t h e s a n d s t o n e s a r e s u t n a t u r e 
b u t s u p e r ma tu re o n e s a r e a l s o p r e s e n t . 
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The d e t r i t a l composition of the sandstones suggest 
t ha t they were derived fron supra-crus ta l metas ed imentary 
rocks and grani te - gneisses which were e i t h e r in t rus ive 
bodies in the met as ed imentary sequence or represented the 
basement. The contr ibution of me ta se di me nt ar y rocks is 
evidenced by the presence of rock fragments of phy l l i t e s 
sch i s t s and si I t stone - shales and reworked sedimentary 
quartz which average 4.7 percent. Quartzose rock fragments 
( poly crys t a l l in e quar tz , Qp ) including s t re tched metamorphic 
quar tz , recry s t a l l i zed metamorphic quartz and chert avera-
ging 7 percent, a l so indicate the presence of metasediraen-
t a ry rocks in the source area . 
Derivation of sediments fron g ran i t e - gneisses 
i s in di ca te d by the pr es en ce of K- f e Id sp ar { or th oc la se 
and microc l ine) . A small f ract ion of fe ldspars comprises 
plagioclase t h a t suggest der ivat ion from basic rocks. 
The pa la eo cu rr en t pa t t e rn reconstructed for the 
Jaisaljner Formation by Akhtar and Aquil (19 86) ind ica tes 
an eas te r ly source which was in a l l p robabi l i ty the Arava-
l l i highlands. There is a long gap in sedimentation h is tory 
of the Western Rajasthan shelf extending from Proterozoic 
t o Permo-Tr i a s s i c . The Lathi Formation (Early Jurass ic ) 
ove r l i e s the f l a t , lying Proterozoic sedimentary sequence. 
Some loca l ly developed thin Permo-Carboniferous boulder 
beds have been reported a t the base of Lathi Formation. 
Thus i t seems tha t there was a long period of t ec ton ic 
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s t a b i l i t y during which the Western Rajasthan shelf remained 
a pos i t ive area . Towards Early Jurass ic , t e c ton i c upheavel , 
possibly a precursor of events leading to breakup of Gond-
wanaland^ brought about upliftment of the Arava l l i s , which 
s t a r t ed shedding d e t r i t u s and a thick cont inenta l sequence 
represented by Lathi Formation was deposited. The Araval l is 
continued to shed d e t r i t u s and the succeeding basal c l a s t i c 
sequence of the Jaisalmer Formation was laid down. However 
by th i s time a t ransgress ion has commenced and Jaisalmer 
area was inundated by a sea. The basal sandstones of the 
Jaisalmer Formation have been in te rpre ted as a shallow 
marine deposi t (Akhtar and Aquil, 1986). This i s supported 
by the tex tura l maturity of the sandstones. Majority of 
the sandstones which are submature were deposited under 
r e l a t i v e l y low energy condit ions below wave base. The super-
mature sandstones represent beach and bar depos i t s . 
The distance of Aravalli highlands from the deposi-
t i o n a l s i t e i s about 35 0 km and t h i s much t r anspor t a t i on 
fa i l ed to completely e l iminate the l ab i l e cons t i tuen ts 
including soft p e l e t i c rock fragments such as those of 
s i l t s tone and shales . 
A warm and humid climate in te rpre ted for the Middle 
Ju ra s s i c period i s expected to thoroughly decompose and 
destroy the l ab i l e cons t i tuents especia l ly fe ldspars . 
However, ja isa lmer sandstones being subarkoses contain 
appreciable amounts of fe ldspars . Moreover feldspars are 
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generally fresh and do not show weathering rims. There 
i s some a l t e r a t i o n along cleavage planes . In the background 
of warm and humid c l imate , preservat ion of fe ldspars would 
imply short residence time in so i l and by implicat ion, 
high r e l i e f . This high r e l i e f was produced as a r e su l t 
of upliftment of the Aravalli block along preexis t ing 
f au I t s. 
I t i s expected t h a t the Ja is aimer sandstones, derived 
from the upl if ted Aravall i block would plot in the 
'basement u p l i f t ' provenance f i e ld of Dickins ion's (1 985) 
standard t r iangular diagrams. However, the Jaisalmer sand-
stones plot in the cratonic block and recycled orogen 
provenances and a l so in the t r a n s i t i o n zone between these 
two provenances. The Jaisalmer sandstones depart fron t rue 
arkosic sands in view of the humid pa laeocl imate. The humid 
weathering destroyed much of the feldspars and raised the 
proportion of quartz r e l a t i ve to fe ldspars . For t h i s reason 
the sandstones are subarkose and plot in craton i n t e r i o r 
f i e l d . The Jaisalmer sandstones also give fa l se s ignature 
of recycled orogen provenance. The reason for t h i s is t h a t 
the Araval l i supracrustal rocks form a very thick sequence 
res t ing over Banded Gneissic Complex (Naqvi and Rogers, 
1987). The up l i f t may shed sands having a f f i n i t y with 
d e t r i t u s derived fron recycled orogen where erosion i s 
not su f f i c i en t (Mack, 1984). This may explain the fa lsa 
s ignature of recycled orogen provenance in the case of 
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the Jaisalmer sandstones. I t may be concluded t h a t the 
Jaisalmer sandstones were derived from uplif ted Araval l i 
block which consisted of a thick sequence of supracrustal 
rocks . The warm and humid palaeoc lima te played an important 
r o l e in enriching the sandstones in quar tz . 
CHAPTER V 
SUMMARY AND C30NCIAJSION 
The p r e s e n t s t u d y d e a l s w i th t h e s a n d s t o n e s of t h e 
J a i s a l m e r F o r m a t i o n of Middle J u r a s s i c age which a r e exposed 
i n a s c a r p r u n n i n g n e a r t h e J a i s a l m e r town . The j a i s a l m e r 
F o r m a t i o n c o m p r i s e s l i m e s t o n e s i n t e r b e d d e d w i t h s a n d s t o n e s , 
s i l t s t o n e s and s h a l e s . These r o c k s were d e p o s i t e d on a 
p a s s i v e marg in s h e l f d u r i n g t h e C a l l o v i a n - O x f o r d i a n 
t r a n s g r e s s i v e p h a s e . 
Th is s t u d y ma in ly c o n c e r n s d i a g e n e t i c and p e t r o f a c i e s 
e v o l u t i o n of t h e s a n d s t o n e s of J a i s a l m e r F o r m a t i o n and 
i s main ly b a s e d on p e t r o g r a p h i c d a t a c o l l e c t e d from 
e x a m i n a t i o n of t h i n s e c t i o n s . S c a n n i n g e l e c t r o n m i c r o s c o p y 
was employed t o s t u d y c l a y m i n e r a l s and d i a g e n e t i c f e a -
t u r e s . Te x t ur a l an d mi ne ra lo gi ca 1 s t ud i e s we r e ca r r i e d 
o u t t o g e n e r a t e b a s i c d a t a b a s e h e l p f u l i n s t u d i e s i n t e n d e d . 
T e x t u r a l a s p e c t of t h e s a n d s t o n e s s t u d i e d i n c l u d e d 
g r a i n s i z e , r o u n d n e s s , s p h e r i c i t y and e l o n g a t i o n i n d e x . 
G r a i n s i z e p a r a m e t e r s p roposed by Folk (19 80) were 
d e t e r m i n e d . Mean s i z e (Mz) v a l u e s r a n g e f ron 0 . 9 5 (|) ( c o a r s e ) 
t o 2.70 {) ( f i n e ) . Medium g r a i n e d s a n d s t o n e s a r e dominan t 
(59%) fo l l owed by f i n e g r a i n e d (36%) and c o a r s e g r a i n e d 
s a n d s t o n e s (5%). S i ze of f e l d s p a r s was a l s o m e a s u r e d and 
i t was found t o match t h a t of q u a r t z in most of t h e s a m p l e s . 
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Sorting (CT I) values range fron 1.05 $ (poorly sorted) 
to 0.39 (J) (well so r ted) . Moderately well sor ted samples 
dominate (6 8.0%) followed by well sorted (18.0%) moderately 
sorted (9.0%) and poorly sorted ones (5.0%). Skewness (SKj^ ) 
values vary in between + 0.18 (fine slcewed) to -0.29 
(coarse skewed). Most of the samples (54,0%) show near 
symmetrical d i s t r i b u t i o n while fine skewed and coarse skewed 
samples are equally d i s t r i bu t ed comprising 23.0 percent 
each. Kurtosis (K^) values range from 0.72 (platykur t i c ) 
t o 1.69 (very leptokur t ic) . The -average percentage of 
mesokurtic, l e p t o k u r t i c , p l a t y k u r t i c and very l ep tokur t i c 
sandstone samples are 59, 27, 9 and 5 percent respec t ive ly . 
In order to study i n t e r r e l a t i o n s h i p of t ex tu ra l 
parameters, b iva r i an t diagrams were p lo t t ed . Meansize versus 
sor t ing and mean size versus ku r to s i s plot show good co r re -
l a t i o n . As mean s i ze decreases sor t ing worsens and d i s t r i -
bution becomes p l a tykur t i c . A weak co r re l a t ion was found 
between sor t ing and kur tos is and demonstrated that as 
sor t ing improved d i s t r i bu t i on became l ep tokur t i c . Bivariant 
p lo t s involving Skewness did not show any s t a t i s t i c a l l y 
s ign i f ican t c o r r e l a t i o n . 
Grain shape analysis was carr ied out by using visual 
comparators given by Powers (195 3) for roundness and Ri t ten-
house (1943) for sphe r i c i t y . Moreover elongation index 
(Houseknecht, 198 8) was determined by measuring long and 
short axes of the g ra in . Average grain roundness ranges 
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from 0.3 (subangular) to 0.5 (rounded). Most of the samples 
are subrounded followed by subangular and rounded ones 
comprising about 54,. 36 and 9 percent r e spec t ive ly . The 
gra ins are of medium to high sphe r i c i t y . Sphericity value 
range from 0.64 (low spher ic i ty ) to 0.7 9 (high s p h e r i c i t y ) . 
Elongation index of gra ins ranges from 0.56 (medium elonga-
t ion) to 0.75 (low elongation) and most of the grains are 
equant or of low elongation. 
According to t h e i r t ex tu ra l maturity the studied 
sandstones were c l a s s i f i e d as submature (86%) and remaining 
14 percent are supermature sandstones. 
The average d e t r i t a l mineral composition of the 
Jaisalmer sandstones is common quartz (80.95%), s tretched 
metamorphic quartz (4.07%), re c rys t a l l i zed metamorphic 
quartz (1.26%), sedimentary reworked quartz (2.10%), vein 
quartz (0.91%), feldspars (5.70%), rock fragments (2.46%), 
eher t (1.58%), muscovite (0.58%) and heavy minerals (0.39%). 
Var ie t i es of fe ldspars include or thoc lase , microcline and 
plagioclase in decreasing order of abundance. Occasional 
pe r th i t e s are a l so present . Potash fe ldspars are general ly 
l a rge r in s i ze than plagioclase fe ldspars . Rock fragments 
include s c h i s t s , p h y l l i t e s and s i l t s t o n e s and few shale 
c l a s t s . Fine grained sandstones tend to be r icher in fe ld-
spars while rock fragments tend t o accumulate in coarser 
sandstones as evident from b iva r i an t p lo t s of mean size 
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versus feldspars and rock fragments. Quartz does not show 
any preference as far as mean s ize is concerned. 
The sandstones were c l a s s i f i ed on the bas is of frame-
work mineralogy and using Folk 's (19 80) c l a s s i f i c a t i o n . 
Around 80 percent of the sandstones are subarkose and the 
r e s t are s u b l i t h a r e n i t e . 
A study of various aspects of diagenesis of the 
Jaisalmer sandstones which included compaction, cementation, 
poros i ty evolution and effect of t ex ture and mineral compo-
s i t i o n on diagenesis was car r ied out. The studied sandstones 
are f r iab le in nature and are yellowish brown in colour. 
In general , average framework grain percentage i s 67.76 
percent ; t o t a l cement cons t i tu t e s 12.79 percent , and remain-
ing 19.45 percent is average ex i s t i ng poros i ty . Average 
minus-cement porosity i s 32.24 percent . Cementing mater ia ls 
in the studied sandstones include, in decreasing order 
of abundance, quar tz , i ron oxide, c a l c i t e , porel ining clay 
and pore f i l l i ng authigenic clay. Some samples show pervasive 
development of iron oxide and c a l c i t e cements. 
For the study of compaction, various compaction 
parameters were employed to v i sua l i s e the extent of com-
pact ion. Contact index (average number of contacts per 
grain) is dominated by two contacts per g ra in , followed 
by three and one contact per gra in . All these three indices 
represent 80 percent of the gra ins while 14 percent of 
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them have four or more contact index and r e s t (5%) are 
f loa t ing g ra ins . In the study of nature of contacts^ f loat ing 
contacts dominate while point , long, conac/o-convex and 
sutured contacts are 21.4, 12.7, 4.0 and 0.6 percent 
respec t ive ly f loat ing contacts comprise around 61 percent 
of the to ta 1 contac ts . Ot her packing parame te r s used ar e 
packing proximity and packing density with t h e i r average 
values of 43.10 and 70.81 percent . The parameters based 
on contact type include contact s t rength (1 .4 6) and consol i -
dat ion factor(^32. 3 percen^. Since contact index i s believed 
t o be the most representa t ive of packing and compaction, 
i t s r e la t ionsh ip with t e x t u r a l , mineralogica 1 and other 
compactional parameters were studied with the help of 
b ivar ian t diagrams. Other packing parameters, such as 
packing proximity, packing densi ty and consol idat ion factor 
show a strong and d i r e c t r e l a t ionsh ip with contact index 
implying that values of a l l the three parameters increase 
alongwith an increase in contact index. The contact index 
values increase, as mean s ize decreases, sor t ing worsens, 
roundness increases and elongation index increases . 
A study of r e l a t i o n s h i p with mineral og ical parameters 
suggest tha t contact index increases with decreasing percen-
tages of quartz and increasing percentages of rock frag-
ments. Increasing percentage of quartz imparted more r i g i -
d i t y to framework which r e s i s t e d compftction to a grea ter 
degree than those sandstones that contained r e l a t i ve ly 
higher percentages of l a b i l e rock fragments. 
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The cementing mater ia l s in the Jaisalmer sandstones 
average about 13 percent and include s i l i c a (5.36%), iron 
oxide (4.15%), c a l c i t e (1.88%) porel ining clay (1.14%) 
and pore f i l l i ng clay (0.27%). 
S i l ica cement as syntaxia l overgrowth i s present 
in a l l the samples and i t s percentages range from 2.91 
t o 8.35 percent averaging 5.3 6% which i s confined as thin 
a nd di sc on t i nu ou s ov er gr ow th s. Si l i ca ce me nt at io n wa s 
inhibi ted by clay and i ron oxide coatings around d e t r i t a l 
quartz g ra ins . The source of s i l i c a was perhaps subsurface 
water which dissolved s i l i c a from nearby and basement 
ac id ic rocks ( rhyol i tes ) aided by high geothermal gradient . 
Iron oxide cement is a lso present in a l l the samples. 
I t is seen as pervasive cement in some samples and as 
patches and rims in most of the samples. I t s percentages 
range from 0.71 t o 23.16 percent and average 4.14 percent . 
Where iron oxide cement i s abundant quartz grains are 
corroded and show disrupted frame work. Iron oxide was 
possibly derived by the weathering and leaching of overlying 
flood basa l t s (Deccan Traps) . 
Calci te cement i s present in small amounts in few 
samples and averages 1.88 percent . One sample conta inS abun-
dant carbonate cement forming 31 .26 percent . Corroded 
gra ins and disrupited frame—work i s characteris t ic for th i s 
sandstone. In most samples c a l c i t e cement occurs as remJTant 
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patches within the intergySnular pores. I t is quite l i ke ly 
t ha t c a l c i t e cement was precipitoted ear ly as the sandstones 
are of shallow marine o r ig in . Subsequent Inching and removal 
of c a l c i t e cement has l e f t behind small rernnants of the 
cement. 
Clays are also present in the form of pore l ining 
clay and as pore f i l l i ng clay comprising on average around 
1.14 and 0.30 percent respec t ive ly . The two types of clays 
have been d i f f e ren t i a t ed on the basis of pet rograhic c r i -
t e r i a . Origin of pore l ining clay is a t t r i b u t e d to process 
of in fi I t V at ion fron percolat ing water af ter the deposi-
t i o n of framework g ra ins . During b u r i a l , with an increase 
in geothermal gradient , these clays were regenerated and 
neoformed. Authigenic clays are the p r e c i p i t a t e s which 
or ig ina ted d i r ec t ly from pore water. These authigenic clays 
occur in pores and also as 'br idging ' c l ay s . The porel ining 
clays have inhib i ted formation of quartz overgrowths and 
prevented corrosion by c a l c i t e cement. 
Existing porosity of Ja is aimer sandstones var ies 
in between 3.5 to 2 9.2 percent and averages 19.5 percent . 
The poros i ty is mainly primary but secondary porosity has 
a l so developed as a r e su l t of d i s so lu t ion and fractur ing 
of g ra ins . The secondary porosity i s vo lu me t r ic al ly i n s i g -
n i f i c a n t . Low poros i t i e s are encountered with sandstones 
having pervasive development of po re f i l l i ng cements espe-
c i a l l y c a l c i t e and iron oxide. 
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Determination of minus-cement porosity helped in 
assessing the r e l a t i v e ro l e s of compaction and cementation 
in reducing deposi t ional poros i ty . The degree of compaction 
of the sandstones was estimated by the extent to which 
minus-cement porosity depar ts from the assumed or ig ina l 
porosi ty of 40 percent . Minus-cement porosity in the sand-
stones range from 20.88 to 40.4 4 percent and averages around 
3 2 percent. Non secular trend of the minus-cement porosi ty 
of the Jaisalmer sandstones i s mainly a t t r i b u t a b l e to the 
r e l a t i v e timings of cementation and conpaction. Sandstones 
with minus-cement porosi ty values approaching 4 0 percent 
were cemented early and the i r cements remained in tac t i . e . 
were not l a t e r dissolved. Sandstones with minus-cement 
porosi ty values of around 20 percent or so underwent compa-
ct ion pr ior to cementation. The average minus-cement 
poros i ty (32%) suggests t h a t the sandstones did not suffer 
major compaction which was mainly confined to gra in ro ta t ion 
and readjustment. 
The effect of tex ture and d e t r i t a l mineral composi-
t i on on deposi t ional poros i ty and i t s fate during diagenesis 
was studied with the help of b ivar ian t p lo t s involving 
poros i ty and various parameters re la ted to t ex tu re , mineral 
composition and compaction. Because exis t ing poros i ty is 
d i s t r i bu ted more i r r e g u l a r l y , and shows grea te r var iance , 
minus-cement porosity which closely represents deposi t ional 
poros i ty was taken into considerat ion for various s tudies 
per ta in ing to poros i ty evolution. 
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The textioral parameters do show a co r r e l a t i on with 
minus-cement porosity implying that compaction was not 
s trong enough to o b l i t e r a t e the control of t ex tu re on poro-
s i t y . Mean size show s t a t i s t i c a l l y weak r e l a t i on while 
sor t ing shows some —what be t te r r e l a t i o n to m in us-can en t 
poros i ty . The minus-cement porosity increases as mean 
s i ze decreases and sor t ing improves . 
Mi ne ra lo gi ca 1 parameters show strong r e l a t ionsh ip 
with minus-cement poros i ty . An increase in quartz percentage 
and decrease in rockfragment abundance is accompanied by 
an increase in minus-cement poros i ty . These p lo t s show 
the control of d e t r i t a l mineralogy on compaction. The sand-
stones with higher percentages of quartz have suffered 
l e s s compaction as compared to those with higher proportion 
of rock fragments. 
Compactional parameters (contact index and packing 
densi ty) show strong co r re l a t ion with minus-cement poros i ty . 
As number of contacts per grain (contact index) increase 
and sands become more densely packed, the minus-cement 
poros i ty decreases. 
I t may be concluded t h a t primary deposi t ional poro-
s i t y was reduced to an extent of average 8 percent due 
t o compaction which resu l ted in an increase in number of 
contacts per grain and also in packing densi ty . However, 
the processes of compaction remained confined to grain 
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reor ien ta t ion and readjustment. The low contact index values 
and low percentages of long and concavo-convex contac ts 
evidenced lack, of pressure so lu t ion , thereby implying 
shallow bur ia l of the ja isa lmer sandstones. The ear ly 
cemented sandstones suffered very l i t t l e compaction. The 
sandstones with higher percentages of rock fragments and 
lower quartz content suffered a higher degree of compaction. 
To unravel the provenance and sedimentary t ec ton ic 
regime of the sandstones of the Jaisalmer Formation, model 
given by Dickinson (1985) was used in th i s study. D e t r i t a l 
modes of the standstones were p lo t ted on standard t r i angula r 
diagrams, Qt-F-L and Qnn-F-Lt. Various r a t i o s of d e t r i t a l 
modes were also ca lcula ted for a meaningful i n t e r p r e t a t i o n 
of source area l i thology, tectonism and cl imate. 
Dis t r ibut ion of d e t r i t a l modes in the studied sand-
stones seems to be control led by gra in s i z e . The control 
of size on d e t r i t a l mineralogy was studied with the help 
of b ivar ian t diagrams of mean s ize versus percentages ; 
of various d e t r i t a l modes. I t was found that a decrease 
in grain size was acccmpanied by an increase in mo no c rys ta -
l l i n e quartz , decrease in polycry s t a l l ine quartz increase 
in feldspar and decrease in t o t a l l i t h i c fragments. The 
size—quartz r e l a t ionsh ip may be a t t r ibu ted to the breakup 
of polycrys t a l l i n e grains into subindividua Is and t h e i r 
subsequent concentrat ion in f iner grained sediments. The 
degree of abraison is a l so re f lec ted in the Mz Vs Lt p l o t ; 
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with grea ter abrasion grain s ize decreased and rock frag-
ments were gradually el iminated. 
The d e t r i t a l components of the sandstones, mainly 
p e l i t i c and quartzose rock fragments suggest der ivat ion 
from supracrustal metasedimentary rocks. Contribution from 
gran i te -gne i sses and volcanic rocks is evidenced by k-
feldspars and plagioclase fe ldspars r e spec t ive ly . 
Ea r l i e r reconstruct ion of pa la eo cu rr en ts of the 
Jaisalmer sandstones indicated an eas te r ly source which 
i s ident i f ied as the Aravall i highlands. After a long period 
of tec tonic s t a b i l i t y the Aravall i block was upl if ted during 
Early Jurass ic and s t a r t ed supplying d e t r i t u s to the 
Western Rajasthan basin. Consequent upon a t ransgress ion 
the t e x t u r a l l y submature Jaisalmer sandstones were deposited 
in a shallow marine environment, below wave base. 
From the Aravall i highlands sediments were trav^s-
patrted for a dis tance of about 35 0 km to reach the Jaisalmer 
Basin but soft p e l i t i c rock fragments could not be complete-
ly destroyed. 
The Jaisalmer sandstones derived from the upl if ted 
Araval l i block do not p lo t in the "basement u p l i f t " prove-
nance f ie ld of Dickinson's (1985) standard t r i angula r 
diagrams. Ins tead, the sample points f a l l within the era-
tonic block and recycled orogen provenances and also in 
the t r ans i t i on zone betv;een these two provenances. The 
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Middle Ju rass ic warm and humid climate destroyed much 
of the feldspars and raised the proportion of quartz r e l a -
t i v e to feldspars giving r i s e to subarkoses which plot 
i n the craton i n t e r i o r f i e ld . The fa lse s ignature of recyc-
led orogen provenance i s obtained by the presence of a 
thick sequence of supracrus ta l rocks that s t i l l covered 
the Aravall i block as a r e su l t of insuf f i c ien t erosion. 
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